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PREFACE

The Subway Environment Simulation (SES) Computer Program is a

design-oriented analytic tool developed during a recent five-year research

project focusing on methods for environmental control in underground

rapid transit systems. As discussed in the comprehensive Subway Environmental

Design Handbook (NTIS No. PB 254 788), which documents that effort,

computer simulation was used to overcome the deficiencies of closed-

form mathematical modeling, and was validated using scale models and

field-testing. Shortly after the publication of the Handbook , SES

was released to the rail transit community for the purpose of reducing

the environmental problems of existing systems, and to help plan

facilities and establish standard procedures for improved environmental

control in new systems. This report is published in order to aid users

of the program in realizing these goals; "Software maintenance," as

outlined in this volume, will help update and correct the program.

The publication of this report marks the end of the second phase

of the Subway Environmental Research Project, conducted from the

U.S. Department of Transportation’s Transportation Systems Center (TSC)

under sponsorship by the Urban Mass Transportation Administration's

Urban Rail Construction Technology Program. In addition to coordinating

the software maintenance, TSC has directed modification of SES for

enhanced use by the Research and Special Program Administration. Software

maintenance activities for this task, however, are not included in

this volume, but will instead be incorporated in SES Version 3 appearing

iii

at a later date.
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1 . PURPOSE

This report summarizes the activites performed under Contract

DOT-TSC-1216, "Software Maintenance of the Subway Environment Simulation

Computer Program." It contains a chronological history of the project,

a profile of the typical SES user, and a list of present users. The

appendixes contain the documents distributed to SES users during this

project:

SOFTWARE MAINTENANCE PROCEDURAL GUIDELINES

SES COMPUTER PROGRAM REVISIONS

SES USER'S MANUAL AND PROGRAMMER'S MANUAL REVISIONS

2. PROJECT OBJECTIVES

The Subway Environment Simulation (SES) Computer Program, complete

with user and programmer documentation, was an end product of the Subway

Environment Research Project (SERP) sponsored by the Urban Mass Tranporta-

tion Administration (UMTA). The major objective of the SERP was to

develop an ability to control and to predict such factors as air temperature,

velocity, and humidity in the subway environment. An important result

of the project has been the development of the SES Computer Program,

an analytical tool which allows the environmental design engineer to

calculate flows of air and heat in a complex subway network with vent

shafts, stations, stairwells, multiple trains, etc.

- 1 -



The SES software maintenance project was designed to give technical

assistance to SES users who encountered problems with either the software

or documentation. A procedure was established whereby potential problems

could be reported. If the existence of a problem was verified, a correction

was issued to all registered users in the form of a software modification

or documentation revision.

This service was provided to SES program users in an effort to

foster the use of improved subway design techniques and for the benefit

of the transit-using public.

3. PROJECT HISTORY

Contract Item 1 - Program Plan

July 1976

Development of the Procedural Guidelines which state the procedures

required to document, to direct maintenance work, and to advise SES

users of program modifications and updates was completed.

August 1976

The Procedural Guidelines were sent to all known users of SES

Version 2, thus completing this contract item. (See Appendix A for

the text of the Procedural Guidelines.)

-2 -



Contract Item 2 - Maintenance Activities

Throughout the term of this contract, assistance was provided

in the form of answering questions posed by SES users and potential

users. These questions generally fall into the following categories:

Potential Users - Questions concerning the types of problems

solved by SES, and ways to obtain the

program and documentation.

New Users - Questions on making SES operational on

their computer and preparation of

input data.

Established Users - Questions on the effects that modeling

decisions have on results, and questions

on identification of problems in the

SES program and problems in the input

data.

During this contract 14 revisions to the SES User's Manual and

one revision to the SES Programmer's Manual were issued. Appendix

B contains the complete text of these revisions.

-3-



Fourteen modifications to the SES source code were also issued

during the contract. A summary of these revisions is presented in

Table 1 ,
and the entire text of the modifications is presented in Appendix

C.

July 1976

Four SES problems were discovered. After TSC approval was given

to work on them, they were rectified. A package fully describing the

revisions and their background was transmitted to the known users of

SES Version 2. The program with these changes was designated SES Version

2.04 (SES Version 2, Modification Level 4). The four problems were

1) The rate of train power loss was computed incorrectly when

a train was coasting downhill (Problem Category 1).

2) The average value for relative humidity was output incorrectly

for subsegments other than the first subsegment in each line segment

or ventilation shaft (Problem Category 1).

3) Under certain, rather complicated, circumstances, a floating

point division by zero occurred in Subroutine TRAIN (Problem

Category 2)

.

4) A FORTRAN variable was not properly initialized in Subroutine

VSINS (Problem Category 1).

-4 -



TABLE 1 SES SOURCE CODE MODIFICATIONS

Modification
Number Date

Routines
Modified Description

1 7/23/76 HEAT Correct the computation of
train power loss when coasting
downhill.

2 7/23/76 SUMARY Correct the computation of
average relative humidity.

3 7/23/76 TRAIN Correct runaway trains caused
by incorrect computation of
braking rate.

4 7/23/76 VSINS
INPUT

Correct the initialization
of variables.

5 11/18/76 ACEST2 Correct supplementary output.

6 11/18/76 INPUT Correct title page.

7 11/18/76 DSES Correct program reponse following
fatal input error.

8 1/21/77 0MEGA2
INPUT

Correct calculation of air pressure
change in a segment containing
a train.

Provide revised SAMPL5 output.

9 4/14/77 TRAIN
LOCATE
INPUT

Correct runaway trains caused
by precision problem in
computations.

10 8/12/77 GARAGE Correct acceptable input range
for Front of Train Drag Coefficient.

11 8/12/77 TRINS Improve processing of erroneous
input data.

12 8/12/77 LOCATE Correct computation of train
drag under certain circumstances.

13 8/12/77 VSINS Correct time of fan activation.

14 8/12/77 ERROR
INPUT

Revise severity category of
two input errors.

- 1/24/78 Provide revised output for
SAMPL5 test problem.

- 5 -



November 1976

Three SES problems were discovered. After TSC verbal approval

was given, they were rectified. The program with these changes was

designated SES Version 2.07 (SES Version 2, Modification Level 7).

The three problems were:

1 ) Items to be printed as part of the optional supplementary

output for the environmental control estimate did not print correctly

(Problem Category 1).

2) A superannuated title appeared in the output. The program

title was changed to indicate the program being under the sponsorship

of the TSC (Problem Category 1).

3) The program response following the diagnosis of a fatal error

in an input data set was occasionally wrong, causing the printing

of erroneous input verification (Problem Category 1).

Thirteen minor problems were discovered and rectified in the

SES User's Manual. These problems were eigher typographical errors

or instructions that could be misunderstood.

One problem was discovered and rectified in the SES Programmer's

Manual. Certain instructions for computing program array sizes had

not been updated from SES Version 1 to SES Version 2.

-6 -



A package fully describing the above revisions and their background

was transmitted to the known users of SES Version 2. In addition,

a complete, up-to-date tape of SES Version 2.07 was supplied to the

TSC.

December 1976

A problem in the SES aerodynamic subprogram was discovered. Subroutine

0MEGA2 did not always correctly calculate the aerodynamic forcing function

for the last region in the last line segment of a line section. The

problem became apparent when the SES program computed infinite airflows

from its first integration step, which for the problem under consideration

was at simulation time equal to 0.1 seconds. The problem was traced

by adding FORTRAN WRITE statements to key locations in the program.

The problem was fixed by changing the order and numbering of five FORTRAN

statements in Subroutine 0MEGA2 (Problem Category 2).

January 1976

An update describing a correction to subroutine 0MEGA2 of the

SES aerodynamic subprogram was mailed to all known users of SES Version

2. The program problem was that the air pressure change in the line

segment, which contributes to both the airflows and the train drag,

was sometimes being computed incorrectly. The error occurred in line

segments that were in line sections having more than one line segment.

It did not occur in the first line segment of a line section. The

problem could occur for a line segment only if trains were in its line

section. For these possibilities, the problem consisted of the previous



value for the change in air pressure over the end of a train being

added at the end of a line segment when a zero value should have been

added.

This change updated SES to Version 2.08 (Version 2, Modification

level 8).

April 1977

A problem was corrected in the SES train performance subprogram

which monitors and controls the passage of a subway train through the

system. A copy of the data set that uncovered the problem was obtained

from the user (Kaiser Engineers) and was tested on PBQ&D’s IBM 370/135.

This simulation showed that for a rare situation, the train performance

subroutines could not properly monitor the location of a train, and

therefore, could not control it. The problem was traced to the precision

with which Subroutine TRAIN computes the distance the train has traveled

in a single program time-step, and the strategy that Subroutine LOCATE

used to locate the trains with respect to the track sections, etc.

This problem was eliminated by minor changes to Subroutines TRAIN and

LOCATE (Problem Category 3).

A package fully describing the above problem and its corrections

was transmitted to the known users of SES Version 2. In addition,

a complete, up-to-date tape of SES Version 2.09 was supplied to the

TSC.

-8-



August 1977

The following minor problems in the SES Program were discovered

and corrected

1) The checking of the input parameter, "Front of Train Drag

Coefficient", was being done with a set of limits that were inconsistent

with those in the User's Manual (Subroutine GARAGE) (Problem Category 1).

2) If an incorrect value was entered for the deep sink temperature,

the program interpreted it as a fatal error. It should have been

a non-fatal error (Subroutine ERROR) (Problem Category 1).

3) If a train was operating above grade, its drag coefficient

had one value when any subway system was being simulated and another

when only above-grade operations were being simulated. The error

was minor, being about 8 percent for a typical train (Subroutine

LOCATE) (Problem Category 1).

4) The input of a non-existent train type into the track section

data (Input Forms 8) was supposed to be a fatal error with an

immediate halt to the processing of the input data. This halt

did not always occur (Subroutine TRINS) (Problem Category 1).

-9 -



5) If a train route was input as passing through a certain line

section and in fact it could not pass through this line section,

the wrong section input was not written out. In addition, this

error should have been a fatal error instead of a non-fatal error

(Subroutine TRINS) (Problem Category 1).

6) The internal use of the ’’Fan Time On" parameter (time at

which a fan is turned on) in the program was such that when a

fan was defined as being fully operational at the beginning of

simulation, there was an unnecessary opportunity for the solution

of the aerodynamic equations to be unstable. This may have caused

the use of a smaller than necessary time increment for the aerodynamic

integration (Subroutine VSINS) (Problem Category 1).

The write-up describing the use of both the "Fan Time On" and

the "Fan Time Off" input parameters in the User's Manual was added

to and improved upon. This write-up constituted revision number 14

to the SES User's Manual (Problem Category 2).

A package fully describing the above revisions and their background

was transmitted to the known users of SES Version 2. In addition,

a complete, up-to-date tape of SES Version 2.14 was supplied to the

TSC.

- 10 -



April 1977

The contract completion date was extended to August 31, 1978.

August 1978

The contract completion date was extended to October 6, 1978.

4 . SES USERS

As of October 6, 1978 the following organizations had obtained

a copy of the SES source code:

Organization Use*

Parsons Brinckerhoff Quade & Douglas, Inc. Heavy

Kaiser Engineers Heavy
Deleuw Cather Heavy
Jet Propulsion Laboratory Medium
Kotu Kikai Setubi Sekke Jimusho Ltd.

(Japanese Consultant) Medium
Washington Metropolitan Area Transit Authority Medium
C.E. Maguire, Inc. Medium
The City of Philadelphia Light
The Port Authority of New York and New Jersey Light
Consorcio Nacional de Engenheiros Consultores (Brazil) Light
Sverdrup and Parcel and Associates Light
Transportation Systems Center Light
New York City Transit Authority Light
Bechtel, Inc. Light
Montreal Urban Community Transit Commission Light
Snowy Mountains Engineering Corporation (Australia) Light

* ’’Heavy” users have completed two or more projects, and have two
or more underway; "Medium" users have completed one project, and
have at least one underway; and "Light" users are beginning their
first application.

.
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APPENDIX A

SOFTWARE MAINTENANCE PROCEDURAL GUIDELINES

(Revised December 2, 1977)

These procedural guidelines were sent to SES users to inform them

of the existence of the maintenance project and the procedure for reporting

problems and obtaining technical assistance. The User Registration

Form was used to obtain information on the SES Users.
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Subway Environment Simulation (SES) Computer Program

Software Maintenance Procedural Guidelines

I. OBJECTIVE

The Subway Environment Simulation (SES) Software Main-

tenance Plan is designed to give assistance to SES program

users who encounter problems with either the software or

documentation. Technical assistance will be provided by

Parsons, Br inckerhoff , Quade & Douglas, Inc. (PBQ&D) through

a contract with the Transportation Systems Center of the

United States Department of Transportation (TSC) . This

contract will be in effect until about April, 1980.

This service is provided to the SES program users in

an effort to foster the use of improved subway design tech-

niques and for the benefit of transit-using public.

II. LIMITATIONS

Technical assistance is provided under these guide-

lines subject to the following limitations:

1. Maintenance will only be provided for the Sub-

way Environment Simulation (SES) Program, Ver-

sion 2, as updated to include all subsequent re-

visions or versions.

A-
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2. This assistance does not include problems related

to computer hardware, operating system problems

or limitations, or problems related to a particu-

lar computer installation.

3. Any user modifications to the SES, except array

size adjustment, are not covered under these guide-

lines. However, assistance may be given for prob-

lems which are not related to user modifications.

4. These guidelines provide for technical assistance

relating to software and documentation problems

only. Only a very limited amount of application

assistance can be provided.

5. All technical assistance is subject to the prior

approval of the TSC.

III. REGISTRATION

SES program users are requested to complete the attached

"User Registration Form" and send it to PBQ&D at the address

given in Section VII below. Only registered users of the

SES program will be provided with software or documenta-

tion revisions or may receive technical assistance under

these guidelines.

A-
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IV. SES REVISIONS

When necessary, all registered users of the SES pro-

gram will be notified of program revisions. These revi-

sions will contain the following information:

Revision Number and Date

(for identification)

Problem (brief description of problem)

Symptoms (visible signs of problems)

Correction

(how to correct problem - usually program change)

Effect on Previous Results

(validity of results obtained prior to implement-

ing this revision)

General Notes

The current version of the SES is:

Version 2, Revision No. 14 Date: August 12, 1977

A-
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V. USER'S RESPONSIBILITY

The SES user must perform the following tasks:

A. Provide himself with technical computer expertise

to do the following:

a. Make the SES program operational on his own

or a vendor's computer.

b. Prepare his own operating system control

cards.

c. Transcribe his data from input forms to machine

readable form and submit problems for pro-

cessing .

d. Possess a reasonable understanding of the

error messages generated by his computer's

operating system.

e. Understand Chapters 1 and 3 of the Programmers

Manual which relate to the program software/hard-

ware interface.

B. Run the SAMPL5 test problem to verify that the

program is operating properly.

C. Be familiar with the information in the SES User’s

Manual.
A-
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D. Incorporate the SES Program Revisions as soon

as possible.

VI. REQUIREMENTS TO RECEIVE ASSISTANCE

The user may be asked to provide the following informa-

tion and/or items to assist in locating and correcting the

problem:

A. A description of the problem, its nature and symp-

toms .

B. A copy of the computer output indicating the prob-

lem, and other outputs on which the same or a

similar problem was observed.

C. A SES schematic diagram for the run(s) in B above,

with node numbers, section numbers, line segment

numbers, and ventilation shaft segment numbers

indicated.

D. A listing and/or card deck of the input data for

which the problem occurred .

E. FORTRAN compiler output showing:

1. A listing of the source statements ("SOURCE”

option on IBM)

.

A-
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2. A table of variable names showing type and

storage location ("MAP" option on IBM)

.

3. A table of statement labels showing the rela

tive address assigned to the label ("MAP"

option on IBM)

.

4. An object language listing in a psuedo assem

bier language format may be requested on

an individual subroutine basis ("LIST" op-

tion on IBM)

.

F. Linkage Editor (or Allocator) output showing:

1. A list of the control statements ("LIST"

option on IBM)

.

2. A map of the load module (or main memory)

showing the relative location and length

of the main program and subroutine ("XREF"

option on IBM)

.

In cases where the problem is suspected to be machine

dependent, or related to the operating environment of the

machine on which it occurred, the user may be asked to make

additional runs on his computer at his expense to help lo-

cate the problem. The user may choose not to make these

additional runs, however this will probably cause efforts

to correct the problem to cease.

A-
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It is expected that all items supplied to PBQ&D will

be returned to the user, however, no responsibility is as-

sumed for loss or damage to any items supplied.

The information provided by the user concerning his

application on which the problem occurred (Items B, C and

D) will be held in confidence by PBQ&D and the TSC if so

requested.

VII. PROBLEM REPORTING PROCEDURE

If a problem occurs the user should first check to

be sure that it is not caused by erroneous input data.

If the user believes the problem is caused by a program

malfunction, he can then obtain assistance under this plan.

To obtain assistance the user must first notify the

TSC, at the address below, and receive their approval.

Mr. Neil Meltzer

Code 233

U.S. Department of Transportation

Transportation Systems Center

Kendall Square

Cambridge, Mass. 02142

Telephone: (617) 494-2192

A-
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After TSC approval is obtained, the user may communi-

cate directly with PBQ&D at the address below:

Mr. William D. Kennedy

Parsons Brinckerhoff Quade & Douglas, Inc.

250 West 34th Street

New York, N.Y. 10001

Telephone: (212) 239-7945

or, in his absence

Mr. James W. Guinan

Parsons Brinckerhoff Quade & Douglas, Inc.

250 West 34th Street

New York, N.Y, 10001

Telephone: (212) 239-5159

VIII. RECORDKEEPING

Records will be kept of all work performed by PBQ&D

under these guidelines. A file will be maintained for each

registered SES user which will contain the following informa-

tion :
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1. User Registration Form

2. All written correspondence
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SUBWAY ENVIRONMENT SIMULATION (SES) COMPUTER PROGRAM

USER REGISTRATION FORM

Part 1 of 2

Firm Name

:

Address

:

Representative Alternate
Name : Name

:

Address

:

Address

:

Telephone

:

Telephone

:

Computer Configuration

Make
:

Model
:

Main Memory:

Vendor
(if applicable)

:

Tapes (number,

model and tracks)

:

Operating System:
Disks (number
and model)

:

words
bytes

Drums (number
and model)

:

Other Information:

A- 12



SUBWAY ENVIRONMENT SIMULATION (SES) COMPUTER PROGRAM

USER REGISTRATION FORM

Part 2 of 2

SES Program Information

Source: Q T.S.C. or PBQ&D

(I Other

Version:

User Modifications:

Date
:

Date:

Latest
Modification Level:

Application (optional)

:

Continents

:

Information
Supplied By: Date:
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APPENDIX B

USER’S AND PROGRAMMER’S MANUAL REVISIONS

The revisions contained in this appendix were issued to all registered

SES Users to update their User's Manual (Ref. 1) and Programmer's Manual

(Ref. 2). Fourteen revisions to the User's Manual and one revision to the

Programmer’s Manual were issued during the project.

REFERENCES

1. Associated Engineers/A Joint Venture, Subway Environmental Design

Handbook, Vol. II, Subway Environment Simulation Computer Program

(SES), Part 1: User's Manual , prepared by Parsons Brinckerhoff

Quade & Douglas, Inc., for U.S. Department of Transportation,

National Technical Information Service Number PB 254 789, 1975.

2. Associated Engineers/A Joint Venture, Subway Environmental Design

Handbook, Vol. II, Subway Environment Simulation Computer Program

(SES), Part 2: User's Manual , prepared by Parsons Brinckerhoff

Quade & Douglas, Inc., for U.S. Department of Transportation,

National Technical Information Service Number PB 254 790, 1975.
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November 18, 1976

SUBWAY ENVIRONMENT SIMULATION (SES) COMPUTER PROGRAM

USERS MANUAL REVISIONS NUMBERS 1 THROUGH 13

1 .

2 .

3.

4.

5.

6 .

7.

8 .

9.

10 .

11 .

12 .

13.

Page 10-16. Corrected upper limit of NUMBER OF TRAIN ROUTES from 4 to 6

.

Page 10-64. Corrected lower limit of FAN LOWER FLOW LIMIT from -50,000
to -100,000.

Page 10-84. Clarified explanation of TOTAL WEIGHT OF RESISTANCE ELEMENTS
PER CAR.

Page 10-94. Clarified explanation of RESISTANCES.

Appendix H, Brief Instructions for FORM IE. Corrected upper limit of
NUMBER OF TRAIN ROUTES from 4 to 6 (same correction as Page 10-16)

.

Appendix H, Brief Instructions for FORM 7A. Corrected lower limit of
FAN LOWER FLOW LIMIT FROM -50,000 to -100,000 (same correction as Page
10-64) .

Appendix H, Brief Instructions for FORM 9C . Clarified explanation of
TOTAL WEIGHT OF RESISTANCE ELEMENTS PER CAR (same correction as Page
10-84)

.

Appendix H, Brief Instructions for FORM 9H. Clarified explanation
of RESISTANCES (same correction as Page 10-94)

.

Page 8-18, Chopper Input Instructions Clarified.

Page 8-32, Chopper Input Instructions Clarified.

Page 8-33, Chopper Input Instructions Clarified.

Page 8-35, Chopper Input Instructions Clarified.

Page 8-35a, Chopper Input Instructions Added.
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out of the motor circuit. By eliminating the need for external resistance,

the chopper at once demonstrates a savings in traction ppwer requirements and

a reduction in heat input to the tunnel air.

At base speed, the full motor rated voltage is applied to the motors. For

example, in the case of the Westinghouse chopper system used in the BART and Sao

Paulo Metro cars, the chopper switches at a normal frequency of 218HZ with an "off"

interval of about 6% of the total cycle time. To further extend the high-power

portion of the accelerating cycle beyond base speed, motor field weakening is

employed, as in the case of the cam-controlled train.

Cam Controller vs. Chopper Controller

Cam Controller -

Advantages

1. Thoroughly tested and refined through years of service.

2. Lower initial cost and also lighter.

3. Does not require separate blowers for equipment cooling.

4. Simplicity of the circuits makes trouble-shooting relatively

easy and keeps maintenance skills to a minimum.

Disadvantages

1. More maintenance required for periodic replacement of switch contacts.

2. Ride quality may not be smooth, depending on the number and arrange-

ment of resistance notches *, and large step current changes may

aggravate wheel spin and slip.

3. Acceleration resistor grids make the power consumption per car-mile

higher than the chopper control and generate heat.

4. Only rheostatic braking is practical, and as a result, more heat

is generated.

8-18 (REVISED)
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The line current varies linearly from zero speed up to base speed.

(See Figure 8.8.) This is caused by the linear variation of the chopper

duty cycle (duty cycle = ) . The voltage imposed across the

t + t
on off

motors increases with increasing duty cycle and the back EMF from the motors

increases linearly with speed. Therefore, to maintain a constant current

through the motors the voltage imposed on the motors must be increased

proportionally. The line current also increases because of the transformer

E x I
action of the chopper (i.e., E x I = _2 2) .

n

Tractive Effort versus Train Speed

This curve consists of three portions: a constant portion, and two

hyperbolic portions. Tractive effort is constant from zero train speed through

point 1 to point 2. Field strength reduction begins at point 2 and ends at

point 3, and over this range the tractive effort is assumed to vary hyper-

bolically with respect to train speed. Points 3, 4 and 5 are on the minimum

field strength motor curves, which are approximated by a 2nd order hyperbola.

Point 3 is the point at which the minimum field strength curve intersects

the design current. Point 5 should correspond to a high train speed which

the train would not normally exceed, and point 4 would be an arbitrary point

which is approximately equi-distant from points 3 and 5.

Motor Current versus Train Speed

This curve consists of two portions: a constant portion and a polynomial

portion. The constant portion of the curve extends from zero train speed to

the speed at which field strength reduction is completed (point 3) . The

actual current through the motors is constant at the design value from zero

to point 2, but may fluctuate above and below the design value during the field

strength reduction, from point 2 to point 3. If present, these fluctuations

8-32
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are approximately equal above and below the design current so that the current

may be considered constant through this phase of the train operation. Once the

minimum field strength is reached the motor current begins to decrease with in-

creasing train speed. Points 4 and 5 define this portion of the curve. In this

case the points on the curve are used to define the motor current versus speed

relationship. It should be understood that these points are at exactly the same

speeds, and are actually the same points as those used in defining the tractive

effort versus speed relationship.

Line Current Versus Train Speed

The line current versus train speed relationship for a chopper-controlled

train is approximated by a curve which consists of three portions: a linear

portion, a constant portion and a polynomial portion. The linear portion

extends from zero train speed to the speed at which field strength reduction

begins (point 2) . The current is held at nearly a constant value until field

reduction is completed (point 3). Once the minimum field strength is reached,

the line current begins to decrease with increasing train speed. Points 4 and

5 define this portion of the curve.

8.5 Entering Motor Performance Characteristics (Input Form 9F)

The motor performance characteristics are described to the SES program by

specifying the train speed, tractive effort and motor current which correspond

to certain critical points on the motor characteristic curves. Each point

consists of a set of three corresponding readings, one from each scale on the

motor curves (see Figure 8.6). Four points must be specified on Input Form 9F:

First. The speed at which field strength reduction begins— this is the

point where the starting current line intersects the maximum

field strength train speed curve (point 2 on Figure 8.6)

.
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R = the armature and motor field resistance, ohms
M

E = line voltage
Xj

D = chopper efficiency

The value of the line current for the remaining speeds is obtained

by substituting the value of the corresponding motor current, entered on

input form 9F, in the following equation:

21
M aMAX

where:
a
MAX

I
M

the limiting value of the chopper duty

cycle, i.e., a = fc

on
t + t __
on off

the motor current, amps

In addition, the limiting value of the chopper duty cycle can be obtained from:

2E
MAX

M

where

:

E
m = the rated motor voltage

It should be noted that in general the limiting value of the duty cycle

of the chopper, a , will not be equal to 1.0 (i.e., the chopper will not

attain a full conducting mode) . For example, if the line voltage is 750

volts and the rated voltage for each traction motor is 300 volts, a will
MAX

be 0.8.

The user has the option of entering two values for the chopper efficiency .

The first value entered will apply for train speeds ranging from zero to Ul.

The second value entered will apply for speeds greater than Ul. The speed

8-35 (REVISED)
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U1 is entered as miles per hour. If the user wishes to specify only one effi-

ciency, he must enter a number for U1 greater than the maximum speed reached

by the train during the simulation.

The user must enter a value for the regenerative braking effectiveness.

If dynamic (rheostatic) braking is called for, ZERO (0.0) must be entered

for the regeneration effectiveness.

8.7 External Resistance versus Train Speed (Input Form 9.H)

This curve consists of two portions, both of which are linear with

respect to train speed but are separated by a discontinuity. The two

portions may have different slopes. The initial value at zero train

speed is the value of the acceleration grid resistance which is in the

circuit when the train starts from rest. This external resistance is

decreased in steps until its value is zero at the transition speed (point

1) . For the purposes of the simulation, each individual step is ignored

and this decrease in resistance is considered to be linear with respect

to train speed.

At the transition speed (point 1) , the motor circuit is switched from

series to series-parallel connection. The acceleration resistor grids are

8-35a
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XIV Revision No. 14

August 12, 1977

SUBWAY ENVIRONMENT SIMULATION (SES) COMPUTER PROGRAM

USER'S MANUAL REVISION NUMBER 14

Page 4-65 is revised. A user suggestion for preparing fan operating
times was added.

B-17



the fan performance curve to account for the difference between the two

densities. This given density is usually .075 Lbs/cu. ft.

Fan Type. Two fans are the same type only if they possess identical

fan curve, run-up times, upper and lower operating flow limits, and air

densities at which the fan performance curves were measured. Data

describing each different fan type must be entered in Forms 7A and 7B.

The fan type identification numbers are assigned to each fan type

according to the order in which the fans are entered in the data. The

first fan type entered is fan type 1, the second fan type entered is fan

type 2, and so on until all the fan types have been entered in the data.

User Suggestion. A user may locate a fan in a ventilation shaft but

not operate the fan during the simulation by entering a number greater

than the Maximum Simulation Time for the Simulation Time After Which

Fan Switches On.

In version 2 of SES,the fan run-up curve is applied to both

fan run-up (after switching "on") and run-down (after switching "off")

.

This means that the fan remains active past the Simulation Time After

Which Fan Switches Off (on Input Form 5C) for a time equal to the

Time Required For Fan To Reach Full Operating Speed (on Input Form 7A)

.

To prevent unwanted fan operation, it is suggested that the fan switch-on

time and switch-off time be set to a time greater than the largest

Maximum Simulation Time which is anticipated.

4-65 (REVISED)
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I Revision No. 1

November 18, 1976

SUBWAY ENVIRONMENT SIMULATION (SES) COMPUTER PROGRAM

PROGRAMMERS MANUAL REVISION NUMBER 1

1. Appendix E, Page 3. The table used for Core Storage Computation

has been corrected to be consistent with Version 2 of the SES.

These corrections did not affect the following page, Page 4 of

Appendix E.
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APPENDIX C

SOURCE CODE REVISIONS

The revisions contained in this appendix apply to Version 2 of

SES. They were issued to all registered users. 14 revisions to the

SES source code were issued during the project.
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I. Revision No.l July 23, 1976

SUBWAY ENVIRONMENT SIMULATION (SES) COMPUTER PROGRAM

REVISION NO. 1 TO VERSION 2

Problem

The rate of train Power Loss has been found to be incorrect when

a train was coasting downhill.

Symptoms

An additional term, which is the rate of change of the train's

potential energy, was being included in the calculation of train Power Loss

when a train was coasting downhill. This resulted in an overestimation

of the rate of train Power Loss, and subsequently the rate of train Heat

Rejection.

Correction

See attached corrected listing of subroutine HEAT. Corrected

lines are indicated by a "C."

Effect on Previous Results

Previous results would show an overestimation of the train Power

Loss and Heat Rejection by an amount equal to the change in the train's

potential energy while the train is coasting downhill.
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II. Revision No. 2
July 23, 1976

SUBWAY ENVIRONMENT SIMULATION (SES) COMPUTER PROGRAM

REVISION NO. 2 TO VERSION 2

Problem

The average value for relative humidity was being reported

incorrectly for subsegments other than the first subsegment in each line

segment or ventilation shaft.

Symptoms

In some cases, an unreasonable value for the average relative

humidity was being reported. In addition, the columns of numbers were

not aligned in the output.

Correction

See attached corrected listing of subroutine SUMARY. Corrected

lines are indicated by a "C."

Effect on Previous Results

The correct value of average relative humidity may be calculated

from the incorrect value which was reported for the second thru last

subsegment in a line segment or ventilation shaft by multiplying the

incorrect value by the following quantity:

100 x
(

’ Number of Cycles Per
.Thermodynamic Evaluation,)

c
'Time between Previous Summary and

This Summary, in Seconds
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III. Revision No. 3
July 23, 1976

SUBWAY ENVIRONMENT SIMULATION (SES) COMPUTER PROGRAM

REVISION NO. 3 TO VERSION 2

Problem

Under certain circumstances a floating point division by zero

may occur in subroutine TRAIN. This may also result in the "runaway"

operation of the affected train.

Symptoms

Floating point division by zero will result in a Simulation Error

Type 2. The accompanying message gives the simulation time at which the

error occurred.

Correction

See attached corrected listing of subroutine TRAIN. Corrected

lines are indicated by the letter "C,";new lines are indicated by the

letter "I."

Effect on Previous Results

This problem is present only in runs containing a Simulation Error

Type 2. Runs containing this message must be examined on an individual

basis to determine the validity of the results.
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IV. Revision IJo . 4

July 23, 1976

SUBWAY ENVIRONMENT SIMULATION (SES) COMPUTER PROGRAM

REVISION NO. 4 TO VERSION 2

Problem

An unitialized variable has been found which may sometimes result

in UNDERFLOW or OVERFLOW messages. Results are not affected. The program

version number is also updated to 2.04.

Symptoms

This problem is intermittent, and may result in floating point

UNDERFLOW or OVERFLOW messages produced in subroutine MAXMIN.

Correction

See attached corrected listing of subroutine VSINS. New lines

are indicated by the letter "I." Also see attached corrected listing of

subroutine INPUT. Changed lines are indicated by the letter "C."

Effect on Previous Results

The UNDERFLOW or OVERFLOW messages may have prevented program

operation. However, the results are not affected.

C-4 6



<N

U0
o
o

IN

fNJ

>o

LU
3
<
o

o O o o o o o o o o o o o o O o o o O o O o c o
o o o o o o o o o o o O o o 3 a 3 CO o o 3 o O
X o -4 IN ro >r go o 3 JJ O' o IN -n >r iT Vs r— rn o O -4 IN
>C 3 3 p— 3 3 3 3 3 3 r- on CO 00 a. 73 cr c: CO CD X) o o 3
>c c o *c O o o <0 sO *o o w: C «C nT o z o o c? c
•ft- 3 •— 3 p- *» ft— p— 3 p^ N» r- p^» p^ r- P^ n- r- h- ft- p— r- P-.

IN IN IN IN IN IN IN IN IN N IN «N •N IN IN IN N IN IN IN (N <N IN IN

O o O o o O o o c c O O c c o o ro o o O o o O e
3 —

IN
•* 4»

*• UJ ft-

* V- r O
LL * LL UJ
UJ o ft- CO CL
a * co QC z -J —

»

X * LL V- ft— o -J X o
o * a w -J ro

2 * • a • ^4
— a CL ft— w o w •—
o * UJ D C_ IN 2 rg
ft- * a CO o —4 ft- 2 IN
* * co CL -J *L o -J

V- * UJ » ft- CQ 2 CO
•— « o X < o ft- <

- a * CO • ft- — o ft-

* UJ • < CO ft- Lu

o u * X -J LO • o CO — ft

o 2 * 1- CO 2 — o UJ X —
o ft > < ft- O >r CO X ft— o
o Cl * UJ » '•T —

4

o o ro
I II < a UJ • —

J

w X co -4
* JJ * 2 CO —4 • o 2 —

r*4 * »-* CO r-* IN CL mJ VO
<r ft- c —

*

i- -J •—

<

-J «—

>

x w —4
or cO < co cn 2 —

1

CO —

m

ft- -J
p— • o CO W CL ft- IT' < CO CO
a 3 _

i

UJ UJ ft— ft- IN CO CL <3

O m 3 - • ft- o O. UJ ft—

LL i« * UJ CO < L- LL UJ 3 cc
>- 3 2 < c 2 co w o 2 ft

z UJ ft— •— o — — c 2 LO —

J

ID —
o u c 3 x ft- O vT -J CO z o

I— X z> <y C7 •* I o m CO
m 2 2 o > UJ ft- ft— —4 w 2 2 ~4
\ ft- ft X a c. w o LL CJ W
co 3 3 CO x CL 3 « o <N UJ • 3 LO
u • I/O 3 UJ •J a. ft— -J — ft- —4

IN ft— CO o CO 2 CL —

J

CO 3 •—

1

UJ < mJ
O 3 U.' X o d < -ft o LJ CC
II O «— 3 3 •> X < ft- z «J <3
3 Z 3 2 ft- *— ft- CJ w CC LL ft—

X ft </*. a ft- z ft— u mm LO UJ
c o > 2 a. • UJ • ft— 3 > ft- — »
• ft- ft- •— « -j c — cO —

*

— c o 2 < 2 o UJ •—

2 O * QJ co CO rr o o vT U- — LL o o IN
•— o —» 3 * 2 —

>

>r <y0 — c O o nT 7 r^
< -D CO LL « w — —

j

—4 w —

*

LL N — — z -4

Z LJ z < U' •> i w m c ft- C" «L W
• •—

i

X UJ * V ft- LL CO O' — <r w -J —4 -J -4
UJ CO CO cc * CO »—• a U- c0 CL -J —

j

ft- —4 2 2 < -J w mJ
II O > c O' UJ L— a CO LL' c? cc JO O W — < 2 CO Cl2 Q. 2 i * 3 LL o > -J ft— < <j LL ft- CC < <
X X o CO cc <3 X CO a* 2 ft- t- CO 77 lO —

J

IL ft- LO ft-

< a UJ ft- o * <r < U. ft- LJ
Z cO 2 3 * •- M -J X -J

< « rr cr. w •4ft UJ CC
i 3 3 UJ * <5 CL a: cr < ac OC a ZL a CL < CL

3 ft-

*

LJ ft > LL' UJ U' > U' UJ UJ 2 U.' 2 LL x i— — UJ
co c 3 Z * O o c* o o LO a C 3 3 c a a O
2 x 2 3 ft 3 LU UJ UJ 2 LL UJ L » — LL — LL ID < UJ
V—' cr LJ o * < c- ft- ft— r-) *— ft— ft- ft- ft- ft- ft- ft— ft- > ft-— > 2 ft x r* 2 71 •— 2 2 77 <w' 2 u; x o z x3 CO * UJ •—

•

— ft— •— — — UJ — UJ *— UJ UJ —— x ft 2 O CO co LO a
a * UJ UJ am O CO 2

r- z *
UJ

2 —J 3 U O 3 c c c c u O o u LJ
<1 •—
”0 Cl

Tw c
* o

rg r0 -r uo go ft- CO & o —4 IN
• o O o O o O o o ^4 -4 4-4

—

*

o O o o o o o o O O o
in o o o o o o o o O o O
3 2 2 2 2 2 2 z 2 z r 23 CO CO CO c0 CO co CO cn cO CO co
> •4
\u

O o o O o O o o o o O o o O o O O o O o o o O o O o o O O
O o o o o o o o o 3 o o o o x O o o 3 o o o o o o o o o o
ro ao >0 r- so o o —-4 (N ro •J- m 3 •ft. CO O' 3 4— IN ro >r in v0 pft CD cr o 4ft

C- O cr cr a o o o O o o c o o 3 «-4 -4 4ft —4 ••4 —4 44 •4 •4 4ft IN <N
>G >c vG go vG u: r- p- r- r- r- p^ o- p*- r*- p*- P- P^ r- P- r- P- p- P- P^ Pft 3 3
ft- ft- ft- r- p^ p^ P^ p- fts- h- ^ft r- r~* P^ r— P- P^ r- P^ pft O' p- Pft P- P- 3 3
IN IN IN IN IN IN IN IN <N IN IN IN IN vN IN IN <N IN rg oj IN IN IN IN IN IN <N IN IN
o o O O O O o LJ O O O O O o C C 3 o O O x O c O O o o O

o
o <3
O' w

o w -• in
z CD o -j
o •J CO CD
CO CC a: <
2 < h- ft—

-J ft- 2
mJ »

X • -ft

4— X o
UJ o
O O' o ft4

o w UJ co
2 Np CO >
2 -J -J a —* -ft

3 cc 2 > 4ft )—

o w < -J -ft - *— CO
ro ft— —

4

LL UJ QC -J
—4 LL 4—. o QC oM Q X • UJ -ft — P- 2
o a ft— — ft- CO c <— CO 2 —)
2 2 u o z > >o O -J w
k— co O' LJ w o UJ
c. O 2 w 2 -J CO ft* .J X
> ft- 4— -j ro O > CO CJ CO
ft— in — -J LJ ft— 2 > xr CO UJ

Q • LO co 3 3 p— CO -J 4ft

ft UJ o c0 < 2 > -J CL
.—

.

ft- ro a — 2 X X 2 < P-
o o —4 UJ •— UJ 4ft mJ ft- cc
co — LL' w <r • CO 4ft o «-o cc —
—4 IN z ao co l— o ft o CO •ft- < 2
w mJ z -4 2 o 2 -J n0 ft. ro —

1

>
in c. c —1 2 4— cr •— ft- o w UJ — 4ft

Nf ft- VJ 33 o W < < ftO o sj* -J p— a: m cO
-j i. < 2 UJ CO cc. — > — vT 3 LU W 3
30 —

J

co ft— U CO —

J

i— a 2 oO -J ft- O p- CO > 3
<J W 2 -- -J 2 <3 C > 4-v SC CL cr UJ cc. CD
ft— a ft- 3 u_ > ft- a CO < 3 3 < <

CO ft- — < -J 2 O LL > CO »— «— Z -ft -J CO 3 —
• LL — m O — -4 H- u- CO >o — LJ C. CC -ft

4— mJ — o •• — — — • a CO 2 » .J ft LL- ft < ft •— 2 < 3
(N CJ C LU o LL O a — LU ft LL -ft » *4 4ft ^1 o CL o LU' cr > X
lO < o CO rO -ft 3 a CO O 4— CC o > 3 4ft o 3* n P- IT 7 •ft < • X
-4 ft- lP ft— *T w UJ O' o 2 cr w *c o o < IN IN b o > — 3 3
w CL -4 LL — 77 W x —

J

w cr 3 ft- LU — o CO ro — ft- V — •o no cO 2
d, < — 3 r- u. cr X. CD cO ft- 2 C". C"j CO ft- L- ft- a cu a. co ft- LL — 3 3
IN > IN 4ft 3 -J c -J m mJ > >c _J r*» <• 3 2. mJ CL > < X w
-J -J CL -J •— -j —

4

— 2 -j > 27 ft— L. -J ro -j > p- p- _

•

2 LJ > cr X 3
LU UJ *c cc cc CL rC 77 L. U cr <• x 2 2 — SL P- < > 3

< c < 3J < • < ft- > C. < ft- < — < p- X LU p- 3 > u 3 C. CO
ft~ 3 ft- 2 p- < ft— LO > 2 ft- ft— ft— I LL »— cr L— ~

UJ > —

•

L_ P- JJ 2 c? 2
2 3 X U' X c0 < UJ O C 3 z 3

x a: -J ft— LU > 2 LJ LJ o *x CC
O u_ ao 2 y X O CO ft- X <c

2£ •— cc > QC ft— a < u_ CL a '3 CC LJ cx cc c- a u. C. C~> a a. QL 2 Ql 2 X —
UJ LL X LL X LL •— x LJ LJ LJ U-> — LL LL 77 UJ lT LU‘ 3 UJ CJ IU U_' LU 3 2 X
O < o c LL' o cc LJ o o CO LT ft- LT lt LJ <3 2 c c0 O O > C <• o <
j- 2 LL cO 1— UJ < LL UJ UJ LL < LU u* V LJ X LL 1 LL o ID LL 3 Urn >
ft- > ft— LL' ft— IL' ft— > CO L- ft— LL ft— -J ft— L— O p— i/“ U- UJ k— 77 P- V 3 CL 3
x C) 2 c 2 3 x 2 x x 2 — 2 2 LU x x 2 2 — 2 < x QC 2 2— a — o — O ft— a UJ ft- — — — ft- ft- — CO ft— u. — — — p- — 'S ft- 2 — 3

cc x o —

J

x CD X •J < ST O 3
LU c — UJ 3 — UJ 3 2 a
< -J -J > co .J 2 co 3 X

o u o o o o o o o O O o LJ 13

ro *r m o 3 00 O o — IN no *T m o 3
4ft —ft •4 •4 -ft .ft •ft IN IN IN IN IN IN IN IN
o o o o o o o o O o O O o O O
o o o c o o o o o o o o o o o
2 2 2 2 2 Z 2 2 2 2 2 2 2 z z
CO CO cO CO CO CO CO cO CO CO LO CO CO CO CO

C-47



rg
O
o
UJ
o
<
a.

o O 0 O 0 0 c. O O O O O c O O vjl O Li w O c O 0 O C 0 O 0 0 0 O c 3 1 0 c; a 0 3 O X x x c c 0 c 0 C c c O 0a o 0 C 0 0 c O O O n O 0 O O O 0 O IT 0 O 0 O O 0 O 0 O 0 O 0 O 0 c 0 0 0 O 0 O O O 0 n 0 0 0 0 c 0 O c 0 O 0
rg a. > in vC a x c* O c—

<

in V* •n 0 X IT X —

-

rg m IT O r- CD O 0 —

•

rg m •j- iTi >0 a x c 0 rg rr nT un *) a C*' (T X — rg rr -g- in 0
rg t\l p\. fV !% X rv m ,*n rn PT\ m O X. r* 1 c <• d >r -T xr •T st vT m in *T\ m *n in m L“ tr k.r 0 >C *c «c c 0 c C 0 to a a a a a a a

a a a a a ”•* a a p«»- r^» r- r- fto to. p~- a a Pto p-. p— fto to. pto pto p- pto a a a a a a a a a a a a a a a a a a a a a
a a a a a a a p** p^ r— r^. p^ T- h- p— to. P- a to. Pto to. Pto r«» pto Pto Pto p- r- p*. a a a to a a a a a f- a a a a a a a a
rg rg rj r>j rg rg rg rg r\r rg rsj r\j nj rg rvj rj nj rg rg rg <M rvj rg rg n. r\ rg n- rg rg rg rg rj rg rg rg rg rg rg rg rg rg r. rc rg rj rg rg rg rg rg ~g rg rg

o O O C O O O O O O C O O 0 O O O O O a 0 O O O C C 0 O O O C C c O 0 O 0 O C O C c 0 X> X O O c a 0 0 X O 0 O
a a

CL
<p ft a
« ft a a

* a <
O * * a CL

pn ft n "J
tar * ft LL a
> * ft CL »•

UJ «• ft to c: X
C2 « m ft cc y a
0 * ft Uj 3 a

-«to T — * > ft CL x <r
•—

»

*- m * ft in QL

c CL » toH 0 ft a • ->

w CL to*, *— * a ft X 3 CD
—

*

a O a * u ft a z to

a 0 r m 0 * ?. ft d • <1 a
21 cc -J ta> a * a X y. <3

Q1 a > a * to ft O t— x aa 5: X a * -to » (N, x d
5! -r > * m ft * a CT
-J 0 h- •> » W ft a UJ • r

• CL •— -to * > ft a a a
X —

*

X ur d ft d a »

0 *-» LL * •& ta ft 3 • c 3
a. W a X — * a ft or <n a
0 > a —

1

O 0 j: & a ft a X —
CL a a >«> m m z> X ft a a <n
a 0 a •O •to VO m ft a a • to-

2L z y » > > a a * oc O or
-J mJ O U- 5. to*. 0 a n. ft CL a •.— • vC UJ — k— 3 CD m a a » c Q.X rg -j IT 0 -J d —• to- a z a X X CL
X 0 w a < a P- 3 to- in O > CD 3 a O
z w a '-O <1 a — —

>

2. m O’ a O c a < x » a • oc
<r a a r- •— L- O a — -- < a m in t— 5* X a 7 Cl— x m c a: 5_ * —

.

rr, •to > CD to- rg CL c z r: cr. *—•

*0 —

*

0 a UJ <r —J — «— w a a < in <r a < 7
"

*~* a a a m > — O m > 0 CD a to- m n m > a *. d •.

a Cl r • _j *T m — p— a CD d —

*

a —

*

X <n in •— ft CL a >. a
CL CL -5 w UJ toto <NJ a •to uo a < a 0 <3 O 3 a a > a a y 0
in a • O LO X > *— a a X a a 12* > >0 in 3 a a a n » » a a.
a 2. • —

*

ZT LL' LL <n in to* a a 0 to* w a a CD QC IT a « U. a » Z
2! -i —

•

CO — O < -** —

J

O k— Z CD » in in p- «n in < X in d a ft X a
»— 0 — LL O 53 sC C' z IT a <J w ft a m IT n •> a • to. a a 1 r cc ft <3 •. cc

• >J -J CJ a » < to- • — —* ip a a a > -to a —• JC a Df < » 1
—

*

LO m n 3? O >c q *— to-

•

— »• — -j a -• in ft X m a T a O X 0 <r in CD — < a d z
LL —

*

in — < O rg u. >T 0 a to —

*

O •to -3 O 00 -- a a tj O d in > a < a Cr in •g < a 27
•— — —* *— rg •— a* *— < —

»

O r*> > to- a — « 2l a a • m •n rg X a — •r < a 3 Xa 3- >

—

> Zl.
—' m w a >— > O — -to a a ft CD — m a >^ D *— a to- — X u. a > a « • to

IS a a n 7" d in a a Z' > rr\ W > n c a CP a ft <3 O 0 a in < n c > > <r < a in a. 4 a •. • aa *- > C* C > a - a UJ IT •to > -n UJ TT < p- * in a n •— p— *c CD in > in > < CL — > a < ft u a <
Cl c*" a a X -J LL IT X 1: > «n a a Cj m. — ft a — a a a w a a a “

Cx. IT — a < m to- d X)w d a a a IT a - UJ — < a p- -j a m a to- * a <c a LT < m •— a a a I* a n < a to- < c; -** u a 0 ua c «_* Li X x z < z H- a c z »- < a < O •ft Lj X .? in m > a > a d n u

:

<r O u. > C_i «-r < <T -j Uj U- a Uj
a p- to- - > * < IT < a a a m a < a a a a a a X a — a a —

•

* CL) < c X to-

cr a - a < ft •— •— a a p- > T a O CL CH a a CL •r <
u. -J < a a * CL a CL (D 21 z C Cj — < a a a d CL to.

or I Cl a a UJ a a a a < a a a > X a 3 a * < < < < a a a a d a *— X u_l a d > x» ft Cl
i - a UJ U- LL lA LL u* •— UJ LL' UJ UJ a u. 3 Ul ft > — — X •— z in a CL a in *— X a « d 7

» 7 T1 7*
UT a O C c C c O 0 Li c 0 cr ui a > O a O ft a a Li a Ui CD CL > < a U' n 11 ! DC ft > r CT d>
LL < IU u UJ *T UJ u u_ L_ toto LL a a a 0 a C UJ ft a a IT < <3 a a <1 a a x a < a a > < X *- *—

(2- 0 i. ra C a p— L- k— H- h~ - k— L- p- >- > < a a ft <: <1 0 > > in <1 a <r c < in < > > d d C_ a a a > a I >T > 7.
T~ m IT it n < z 7* a Z7 *T < IT IT 7 k— a 2- p— IT ft a LLI — a — a a u u c u a a n d a < a a •i d T“ C c
8-3 ** a *" —> X •— a •— to- p— to- IT ft a a - a a a a p— a «n a a CL a > a CL a to- Cu X CL 7* <» 2. a a a ac a UJ UJ z m to- ft IT a C c z <D z IT CL X O a a a IT — •« a

£l < z CL ft a a 0 c to- a 3 to- O 3 3 c d CT k zc a 3 a * 0 in 2! a a > m a rg n CL 0 a D. ft a
* * a

0 0 0 O u 0 0 O O c c a O O 0 U 0 u a a c c a a O a a a a O a

0 0 O -- rg rr in >0 a 0 cr O -- rg rr «n >0 a CO U* O
rg rg a rr a rr t rr rr rr rr <r nJ* •r >r d* •r kT >r -r mO 0 O O O O 0 0 0 0 0 0 0 0 0 O 0 0 0 0 0 O O 0O O 0 c 0 0 0 0 0 0 O 0 0 0 0 0 O 0 0 0 0 C O 0
z IT X z z z IT Z z z z z z z z z z z z z IT IT z
«n in m in in in n in m m m in m in in in in in in m in in in in

*- •- 1— — «*-

C-4 8



ro
o

“ o
LU

- o
<
Cl

c o O O 3 c O 3 o C c o O c o o o o O O o c o c o O C 3 O a o 3 O o o O O e C c O O C c C C O o O O O o O
o O o o o o o o o o o o c o o o o o o a a o o o o o o O o O O o o O O o o o O c c c o O o o o o O o o o o o o
X. a O' o f\; ro >*• in o f*» CO O' o —

4

rg m nT in o X X O' o —

-

rg rr\ vT in X CO O' o -4 rg m in o X CD O' o —4 rg ro g- m o X CD cr o —4
X x X X CZ CD X X c c? T CO cn O' C“ C cr cr o- cr z a O' o a O O O c o o C c —

*

•— — •—

«

— rg rg rg rg n: rg rg rg rg rg oO CO
X X x x X b- >— r*- r- X X X X X X •*» X cc X' CO co CO cr CZ CD CD c cz CD 3 3 ro 3 70 rc cr> ao CD CO 7J x 53 X co CD cc X> 3 CO
X x x x X r» >- h- f^- X X X X X - X X X X x. X X X X X X X X X X X X X X X X X X X X X X X X X X X X
*N og rg rg rg rg rg nj rg cv rg rg <M <N rg rg rg rg rg rg rg rj rg rg •*g rg (V rg f\! rw rg g rg rg rg rg rg rg rg rg rg rg rg rg rg rg rg <NJ rg rg rg rg rg
o O n O C o O o

UJ
X
O C O C O C o O O o O O O O O C 3 3 w O C O o O C c o o O O O C O C O O O o O O O O O O O O

3 X
SL

mJ —

»

—

.

3 3 2: X rg —

*

o O
UJ < -J LJ H LT cr

3 O UJ X z O CJ O J m w w
o L- -J z z O < O CD 3 rg CO CO

» o u < X a IS) X —* < a 3 3 3 3
CL » z ar o •. * LO X CO CJ < — co w X 3 3 a 3 3
3 L— V a LU C 37 X > 27 < w X Z Z < o O 71 3
L- lA 'J <A X -J z z • c co O0 o 2 • 3 X —

*

z X cr X 3
cO 3 » •— > < X X 27 X X X LO •X — O < w C
X Zj 3 co z X z • •— X > X Z CJ O w » < CO *. CO
3 UJ Z 7? -J X » > X CJ -J rg O 3 » — 3
z lA c l— c c X X •. •> • « CD L z rg w o 3 Z —

»

O 27
» 1 » ' z « X z D X CD • — -• < w a 3 z X —4 X 3 c X
X » z LJ X < • X X X X • CJ -J c o X LO •— CD X in in < 3 cr — z

LL 7T X <JJ b- X “ x T c z o c 3 X < CJ a « X 2 w CO
tZ o » VO 5 o Z z -J z X X a • U 3 X 3 ib o w »— • c0 3 •

cl “5 •4 Z Z H- •M X -J » X X X w W O 3 3 X X >r a X 3 cO oO
Cl Cl a H* z • H- CO W CO X > CO 3 3 CO O 27 a 3
X. cl 3 * » » X -J X « X X » » LO O z -J • 3 w CJ 3 cr X 3 Z
2 uo -J a i_ b~ c. og CO X X z CD X CO CD • X —

»

Z z W X 3
» 3 V— > X • (J X X < 3 Z CJ < o 3 o z X 3 co O » X

<0 » z CL >— z * c z ffi Z > o X O 3 3 -J* o cc —

»

X 3 — Z
c or c cr < H- X X H- X X X X —

*

• • C < X 3 c in 4 a o
27 d • a X »— X X _J Z X c X o —

•

*-• • X X *» »— 3 X CO CD O' •

a ir z z X Q X X » c X >*- c o X Z LO 3 W 3 O •W

3 IS) * X X X J -J CO X • O X 27 a > cr CO cr
* z • » <a Ci h- -J X » — X » z ~4 a X CO X z C a * 3 < • W 3 •

• x CL UJ -J X o 2 CL X < CO w w- < c co CL X o «*» > •— a CL —

*

CO z o
ng CL • CL V— IS) •> • c H* b- » X X CJ CO CO X *—

<

X 3 3 3 < X in a CL O 3 3 cr
Cj z a w Cl < i. z U0 X X X CD CJ UJ X o X 3 CO z o X 3 3 < O' 3 X w
Z X o a X » b- U"! X z CO -J X X Z > > o z < CL 3 z 3 o o — w C o LO
r X c- z X •jj z CJ X 2 X S) » Z < 3 3 X 3 X CO 1 a LO X 3

r —1 Z 51 * H- LJ X X) X CO o • Z 3 rg X —

w

—4 » 3 3 Q » z
z » — 2 X » c J » o • e • Z 3 z O 3 W — CO co -— z <

• » 27 » H- U- •> -J X » CO X » M L rg Z 3 CD CO 3 >r C 3 in X 2
'

CD » o z
*~i X • < z cr H- un * o CO a X CO o » w 3 3 3 »g Z X X 4-4 X X Z 3 o 3 <4- O'
7*“ x a ct < a. IS) to o X CO X » X V nT —

*

cO CD o »-« 3 Z Z w X CD •*- 3 w 3 c w •

Z > r— X > -J z z 2 X X < < CO X < — 3 Z 3 3 z LL X Cl —

«

LO • O' c0 CO
a. o X CJ L— • IS) Z CJ X X -J CJ X CO —

.

s. w 'f o X 3 < < U W »— X rc 2 3 3 3 —

*

— 3 CO
r z z z a. w LJ -J z CJ CO z 3 3 X 3 LO z 2* 3 3 rg Z O CO 3 3

LL z 9 X • * • • X -J X w 3 • a < •— X •— 3 u 3 3 3 V- 3 3 7C 3
* *> z • » < — X -J * L X CD •> o co tJ < O LO co O rg X 3 — • o < CO 3 3 X Z •» Z 3 & w X X
a X (-0 w CL X X X LO O ir -J CO X 3 X O o rg 3 •— IT. z 3 3 3 CD —

*

c 3 x —4 lA CD C »

3 — • > e CJ X m CO X ar X X z X CO 3 3 X > X 3 X X •—

<

3 UJ < » > IT a C 3 3 CJ LO— r- IS) LJ » X »— >— X CO *— u X •— CD z • X 3 O 3 a 3 3 C — •— •— 33 CJ » 3 3 » 3
co X J_ c Z L— 3 >— -j r Z T X x <3 X J O • a <r 3 3 3 r*0 > •— < 3 o X o c 3 4-* CO CO 3 » 3
< < z z 3 X uo X 7 O X -J CD X co *«T a o nT X U0 3 c Z < X X «—

•

LO <7 >r CO 'T Z in 3 y 3 o
r" 2 o h- z z W —

i

O >r Z 3 z X z CL Z cr > 3 —4 z X 77 3 o 3 • O O' »
• » » -J » • » » » >r —4 w • 3 X 3 •* 3 < 3 w — C C 3 g. c 3 cr W —

• * > • « * z cr X X on X » X CO w CO rr\ <r 3 • in c c* > •- 3 7 27 cr 2 a X ID Z3 <\ O w s o
x> LO a X U oO L- cr cn X X b- o X s c X Z co X w LO z* 0-* z < —

*

— -T »— —

*

rg X z c. X 27 3 X w 3 — O —4 — 0s CO 3 O'
a: LL > 77 X L— X z -J s LJ cr 27 LJ (N! 7i a u. L2 CO O r» 3 LO — 3 z 3 3 —j 3 3 3 3 3' X C IS, CD X a • — v 3 27 w
u. 27 b- lT *— b X C7 <• d CO X < X x 3 CJ J •— Z u z Cj 3 co X < X CL 3 3 3 3 c 3 Z < 27 J> 3 2 X Cl X o a < co a X CO
— f

•

c* X X X 7 2 z 2 Z x CD > x C CL X LL z 3 < z O CO * 3 < co < <- <3 < Cl <. 3 c •— 3 S s. o < 3 > 3 3 X 3
-J z z z z IS) H- - *- X -J -J cO < x X :? <r < <J o CO X X z 3 3 X X 3 X X <7 X Z X “3 3 3 2. 7.7 3 3 o s: > CD < 3 O 3

-J Z •— X 3 X — < X 3 3 X
c X « 3 3 3 3 3 Z C3 3 X z

UJ u < <1 >— —* •— < > c < — 4L 3
-» z 7 rr z rr 7T Z f*vJ z z Z z Z z 3 z > z z z Z Z Z z 3 Z z z 27 z X 217 Z r Z Z Z n z z *- z 2 u- i’ z Z Z z
X X c 5 o Ci C c — c c C c- -J C r c c 3 c w» 3 c 3 3 C o o c a: c c 3 C < c «a c > o r~, X a O' c < z c 3 c c c o
y T y 7" 72 X z z z is. z > 7f z < z z z z z 3 0. r Z 3 *— 2 *— 2 •-» z < 2 2». 2 ZL z Z 2 c 77 2 X z < 7T 2 — 2. 3 2. z z z
X 57 zz 7" V 2 z z >; z Z I' X z 2. z 2 c 3 z 2 27 Z X z~ X V X >: > jr Z 3 Z > 7" > 2 o 7-~ o 2 > 2 > X ;•* co 7 01 2 z
X C c C C7 c r Cj c > Q c c o *— o c c o •— C c c 3 CJ O c 3 C 3 c £ c C c C c C z C 3’ 3 C a C c c CJ c c x
3 3 3 UJ 3 o o LJ LJ < CJ X CJ CJ CO LJ LJ LJ LJ X CJ l_) <-) X' u L-i 3 3 3 3 3 3 3 3 c U C 3 c 3 X 3 X 3 a 3 ro c. 3 3 3 3 3 3

X > LJ CO CO CO c z CL X 3 x w c a a Z
O’ X UJ c 3 3 X o 3 a —
< a «/» z < <1 X 3 < < 3

u LJ LJ CJ 3 3 3 3 3 3 3 3 3 3 3 3 3

rg ro N* m S) X 00 cr O rg ro in >n X co O' o 0*4 rg ro 'T in •<5 X CD O' * o rg ro m >o X no cr
in m IT in in IT in m nC o O o o >0 >0 O o X X X X X X f- X X X CD CD CO CD 00 CO CO CD CO CD
o O O o c O o o o o o O O o o o o o o o o o o o C c o o O O o O o o o o o oo c O o o o o o o o o O O o o o o O c o o o o o o o o o o o o o o o o O o o
z z z 27 2 z z z 27 z z z z z z z Z z z z z z z z 2 z z z z Z z z z z z z z z

cr CO co CO co co co co to CO CO CO lT m CO CO CO cO CO CO LO CO VI co LO CO to CO co CO co cO CO co CO CO

C-49



-ru
o
yjo
<x
a

o 3 O O 0 0 0 O 0 0 O O c 0 O c 0 O O O 0 0 O O 0 c 0 0 O 0 0 0 0 O c O O c 0 0 O 0 c 0 0 O 0 O O 0 O O 0 0 0
o o o O 0 0 0 O 0 0 O O 0 0 O 0 0 O O O 0 0 O O 0 0 0 0 O 0 0 0 LJ O 0 O c 0 0 0 0 0 0 0 O 0 O O 0 O O 0 0 0

no g- JO >o e- co Z D —1 rO LO O co 0* O —

-

r\i m >r WO 0 e- X J* O —

<

eg no g- uo *0 CO O' X —

*

eg no go r^- CO O O eg no >7 in sO

no no »*o no r> r* C vj- >J vT >T >r vT vT JO IT n UO UO JO JO ITO uo n O >r >c >c >C g: c Z X 0 h* e» e» x e- r- X X cc LO ac rc aj CO

3 d d cc a cc cc C2 CL co X CJ X X X CO CO :o TO cc X X Zj CJ X 0 X CC CC CJ r-j OJ re LJ Cj WJ ~r X rO CL* “C X c CJ cr CC ao cr cro co a: d CO
x x r~ n- f*- r- r— f". X r^ e- n- 0- e- f*- e- r^» n* e- r- r- r- e- n- n- n- r- X X r«- X X X X X x X (*>. r*-

r>. rg eg eg eg eg <NJ <\i rg (Nl <\i rv OSJ rv.- eg (Nl .%) csj eg rvj ng Og eg eg rg eg eg eg eg eg eg eg eg eg eg eg eg eg eg eg eg eg ev. eg eg eg eg eg eg eg eg eg eg

3 3 3 3 O O O C O C O O O O O O O 0 O c O c O O O C x» X O O O X O O C X O O O c J c c 0 c O O C O O O 0 O c O
—<• >
no X

—

*

0 O • CL no
CJ wo wo O O no X —

•

a: > no O X > no
w x #-0 a w no > X —
WO r 0 > m w — 51 > d >
X -j x 0 w- —

•

wo wO no a —

•

> cr C
z Z — —

»

O C O —

»

X wo C no < < X
nr X LL O LO » LT O x O c O CO a. > re U' w C L' WO *•

c. 7 O > W rr\ r«0 O no O w- 51 O «— > a — —
cl 0 O w LJ -j 2 —*> — ro w no w- — LL > «* < z *- no

LJ UJ wo wo a CO -J WO O 0 LO w WO » — X 0 CJ eg —

»

> X <

— —

x
• C wO wo > wo •c w WO O 0 wO c O WO WO e- O uo CL CL LJ * no —

•

2 X CL CL
— 3 -J X > • — LL m 51 0. x zz wO _j no ej < c. w UJ —

.

— no no or X CL >
o » O 2: LL 2. -j LO L- w. w wo — re X "L c: 'T w x > O — re, > X CC z X X

eg 3 -j z 0. > • —

»

2. wo X w- z w LO Cl <r wo n • LJ LL no w X ~4 X — Z z
—

»

w w u. * V >— LL Si 2. X X X X >— p— wo wO — H- * — > d d • 5. X wo X —
WO wO wo —

J

in x -J z a. a 3 wO -j -J no cc —

»

O L— X in — X Z x X
- X wo r— •» > J c: Lu • U- z — •* < O X W —«• X no C d wo X no X X

'J- Z X X < —

*

-j Z —

.

X •» — > wo t— > no LJ w n. X X X » X •.

X X uJ O L- LO Cj •* • O 0 2 0 O or X *— > •— Z X CC d c —
Ll. 3 X 21 z —

*

JD — LL x —

»

—

•

a Q 0 O O • «* » a 0 > •> X 2. * eg —

‘

a 0 2 d
X > c — cr. 0 W* 00 x x .-0 X - no r no —

»

— K < -u LU X *- no 3 >C c CL — X
«* u O wo > JO — CJ 0 0 — •w — — re >— 0 X 0 X CL ar no 0 > W re, a X » >0 UJ r-*

—

*

• wo WO LL. > a w x WO rr. r*

.

wo C. O m — w x x iT .j < a. —

^

* or X —

'

*> X X 2_ X r 2. 0
o C~. wo z WO or > WO >c wo WO — wO x O wo wo m n*' no eg X > • —

>

< 0 Z —

»

a z Z or 3 _J eg
<z -J X LU — > — k- > — a: WO zz X z (e» X wO a* w w X • LJ UJ — no X g eg no Z X 01 » 0 •w
'—

*

d CL Z < 2l 0 LL c_ wo >— — wo z —

-

z X jC wo X wo L— m z CL X —

-

» x O eg w >
wo < > c— CC -j u. L. WO LL 3T <r CO. L- d wo x h- wO zz wo WO no •• *1 w O CL CL > z — > Z >c — C
x *— X -J X •* X > < LL LL X • CJ 12 x wO X CC; X wo a w- O > < - WO a X 3 JC X eg wo X
UJ w WO x or X wO — wo wo i 0 -J »— > no LJ d uO > • d 3 3 0 X wo X
2T • z LL wo > X wo • » • » WO X •> H- b- < zr LJ —

'

O •— rc «— zz X • cc z X wo X X d
*7 —

.

— O > z • wo ** — 21 X

—

wo -j LL > *• LU Z ZZ no X < < X 3 X wo
•- X O W^ a CJ — O O 0 O X O —. 3 •* z C x X X V— — no 3 y O » X C d—

*

2! 3 t/? ar LL > L- 0 • X X X 0 O •s • <7> cz c —

*

— — • -j U' > 'C zz 2 — 3 w *— d a: CL <T *
3 < — 2 LL -J X LL 0 — C LL* rO m .^0 oo -j «» no c* no O O n wo < LL • • • no * X 3 wo O •* — —

»

3 X wo —

•

d r. LL w C >£) > — — w — X

—

re — O O 1/0 n UJ 0 no —

»

X —

-

—

•

n- • or X O X —»» ar 0— —

*

< y < - LO x- w wo W’ wo n + X wo — WO .X _j -j »— * UJ w *e no » —

*

Cl X re. X X X ar 7 z 0. < *
wo • z or i3 •- • wo > wo X WO LO wo X wo n wo —»

•

— X X —

j

W > re W X X x O X —

»

• >
—

:

no z X z > a wO > z - u LL Z in —

•

- wo c X z -J -w u wo re d > > c - <n > GC k— CL X ”0 O O 0
X —

J

wo < c LL LL J> X < C' X c OL *— <y nr or 0 51 y — CL LL- W •-* 2 < O 0 > X < d u Z w • O X eg

a' a' X X LL' > 0 x X X 2. u- > —

J

»— -J
~

dl x >— X re • > no <r X* O d Z -e X — 0 X O eg O w
x < c 3 — >— X <r Cj UJ 0 LL* L. x X X CJ wo wo c oc wo zz a'. u UJ X U. — —

.

d Cl • > O W z >
c. • »— wo LL *— > z -J 5 - w- w. wo < u; > u X — 71 X T no — < X X «•* d ac wo eg wo < 0

cc «c z > • wo •— » • * • » LL' -J -n — <1 O C U' eg <w »— > X (7 CC > — U. 1 w X y
•* • UJ LL UJ < • -J — —

»

— * * -J u or a: J> * • CC X' g 3 CC wo X z_ X wo C JC d—

»

—

.

C7 <r O X — c* *• — W 0 O O 0 0 <cz X —

*

—

*

cc <r u- wo < d —

»

» > CL d X y X X WO <21 y 73 X < c Oo o z- — —

*

0 0 - O • *— O 0 O O 0 c X 0 X O 0 O < —

j

lL' > —

*

>r —

•

<- •> WO —

»

in X 11 Z X' O 5 < wO CL X 0
cr o eg x X L*' UJ —

»

< 0 O <3 w*. rO ,-o re. re. 0 O no no no 0 rjt — > re •» • X — * no u U' X X zz *— X CL
^-, W «— z X lr. W w. 0

—

JJ *— UJ — — W- rc. <e

l

— — fe no • cc X UJ w n re d no — * — < » r d' 0 X *.

m •S •S. in Cf wo wo —
W*. -J f/O WO wo w w wo WO m w — n! wo el CL > • — > U' d c • t— <t > «* • l'* d d

X wO -j > -J > »— —

J

L- »-. > WO WO in cr wo wO Wj WO m r wo w^ in x cr > c L— wo X > LJ c. > c y > «— e, X X X cr IS or > wo X 0
> w U- d, 2’ c:- or c. u. wo > > > X c: c 2" m :< x »— ZT 5 in V- z -J a. LJ H- LJ m X u- x y z- — X X 3 X CC 3 c X 0 3 d
rt: it 3 r -J <L c > L 2. LL -J •— X X C- X > - f;’ —1 C cc d K C IL Z n < < - *•«* —* —* < W“ in d < 3 a 3 X X X
3 3 X x a K- •O Ct X CL *T x c X UJ 21 _J WO X z U- x t— c :< zz X 2 >- > > LL LJ > x X — > U. X d — Z' X X C > a. X C 3 n < X
CL w: x x 2 "

<\» h— WO < LL Z X > < C LL1 LL x x 21 O wo wo *— h- LL UJ C — -J < < 0 X c X d CC wo X a X _j X O ZZ — c Z CL 3X LL* > T LJ cc u a cr CC X u>
X Z X WO LL •— X < X X

»*i c O t— u_ d) X X •— 3 X X
rp r* 7* u- jr u O z *— Z x T x Z zz

~ x Z zz Z 2T Z z 7* w* zz x Z n z LL 1 Z 7 z z x Z 7 z zz Z < z a y X z z wo Z 3 Z
c L Cl* w' x. in a x- w- rr X X x X UJ X c. X c 0 c C X X c c cr r~ we x X x > c r c r * O f: Cl zz c X 3 c C X 3 3 3 c X O
7
"

7 V 7. 7 < 2 7 I‘ 5: r > 2' zz 5 r 7
" y 2' 2* J* x 5 -J :* r 3T Zt 2 jf 7. Z-. 3 d 71 > c < r 3 ^r r J.

7 . 2 n LL zz LL -J 2. -J 2 2 3l c 7 . 2 2 21 x r 5 > y 2* W' r LL1 ZZ L> : > M 2 7- 7. 7 2 7 7 zz zz d 2. y Cl 7 3 X zz >: X z
C C~* X 0 z r cr — c C X c C LL X O c c 72 c c O c O r? rz z 0 c < c c C C X r! c _0 Cl c X 3 X 3 wo 3 3 <J 3 3 Cl cX X X •— 0 *» -J 0 h- O O 0 0 LJ WO LJ LJ LJ LJ 0 lw' LJ LJ LJ u LJ X L

J

*— d Uj 0 A LJ LJ LJ X X X X X X X zz X X X *— X X a X X X X
—J -J z cr zz -J z d z 3 3 X X

UJ X) —

>

0 X D C
> wo oJ wo CC

0 0 0 0 O 0 0 0 O X X U X X

0 eg no m sO X CO cr 0 —4 eg no 'T in *c X a- O' O ^4 eg rn m >0 e- CC C* O -* eg no sr in 0 x co cr O
ce O' ce O' O' O' O' cr a a O O O O O 0 O O O —* -4 ^-4 —4 —< eg eg eg eg eg eg eg eg eg eg no0 ro O 0 0 0 0 O 0 0 *— •—« _4 —4 ^-1 •—* ~-4 —• m-t ^ 4 ^4 _4 mmt •w mmm _4 -„-

0 6 O 0 0 0 0 O 0 0 0 O O O O 0 c O O O O O O O O O O 0 O O O 0 0 O O O O O O 0
z 3 Z z z i* z Z z z 2T Z z Z 3 Z z Z Z z Z 3 z z Z z z z 2 Z Z Z Z z Z z Z Z z z z
WO wo wO m wo in wO wo wo wo wo m w WO WO wo W) wo wo wo wo we wo wo wo wo wo wo <n n wo wO WO WO wo wo wo in wo wo wo

C-50



IfN

g>
o
UJ
o
<
Cl

o o c O o O C O o C 3 o o c c c o 3 n c 3 o o O O o CD O x x c O c x o c a O x O 3 o o c c o O x O o o o O O
o o o o o 3 o o 3 o O o o o o o 3 '0 CD o O o o O o o O o o o o o o o a o o o o o O O o o o o o o o O 3 o o o oX cn C

'

3 -4 eg X >r an o cr> 'T' o — eg X <r -P >c X CO 0" O ~4 eg iT\ o p^ CO O' 3 rg ro >? ir> o p*- 3 3 3 *>< eg 3 > cO •£ P- 3 3 o —i
CO CO *r n

.

o o* C* O'* O' c- 2 c- 3 o o o 3 3 3 o o —

*

—

*

— — —

1

— — — — — eg “g eg rg eg rg eg pg pg pg' en m m m 3 3 m 3, 3 3 sk 'T
a: cn ar CO 3 CL nr CO CC cc 3 c- ro- cr O' c 3 2 3 C

*
1 CT 3 0s a C* 3 C' 3 2 o LT 2 x O' 3 C C' 2 o 3 3 2 O 0* 2 o c- c- 2 C*N c 3x x x x x x x x x X x x X x x x Is- x X X x p-. p» e- N- P— p- P*- — r^ e- e- N« e- p^ f*- p- r^- p^. p^ P- p- P*- P»- p- p-

<%» eg CN* rg r\

j

c\i rg <g eg fg <g (X eg eg eg rg rg rg rg rg Pg rg rg eg nj fg eg rg rg pg rg rg rg pg rg OJ pg eg ig eg rg rg rg eg eg rg pg rg rg eg eg rg rg rg rg
O 3 3 - O ° 3 o O g> O o O O 3 O O 3 ° •3 O o O O o C O C 3

X
3 c o O C C 3 o o c o O Q c 3 O 3 O O O O O O

O
m
>
o
<
cc

o
mw >
> X-C DC

C > X
pr, < «*. —

>r >r

> x
g>
c • > >

> i r. x
co uj o 3
x O m 3 *

• w e 2

v g*

3
IX

m

< O
3 cc

2
C • •
— x

on

X
2
UJ
>

2
ix

CD
LL »

O
ITS •

5: z
a O
C
x on
• UJ
- X
m o

o
an

c
c:
<
3
CC

C » > O w — * on p- > X X X 3 cc —4 p- X » O3 • — p“ • !"0 p- H— < <C <r > • X X ^-4 — — g- >* X X— > 3 »r > '

—

X X O 2 X 3 J X •> — X 2 —

*

m* c: •
> X m — CO > — o # < O — CC on 2 on — 0^ m m on on — m— X • •
Cc c — X p- eg m W — — •— — • 3 X X X • • • » • X an x
c. 3 > -J tJ". 2 2 3 P- 2 < p- X * C cc cc X o 2 2 o o • • o rr.

X 2 o p- < X X 3 < X X 2 X r- _J c X X X an 2 <1 < CD 3 on X <
3 <0 •• -J 2 _J > or. X X 3 X cc X X • < X X X X m X • :?
3 * X • X • O — — > or X > X < < • 2 X r • — 2 • id

o -
e* —

X
a

— • CL

cc
X
a.

x cr x
U' c O o
x x Z —

X
CJ

—
• x a o
x »- x
• U K O

3 P- « > w o X X » oc > O' 3 X 2 < X 2 2 • • w X X p. _ X— pr, — — p— > m X X X o — X X p— — r—i or. X X • _£ X r— on X 2 »— O X O — — zz — 3 a: en CL • - X 3 X p» • m * < < X X eg
2 > • 2 iu > •—* pg on a c <T >0 2 iT * o x ^4 X X X CL X X or O< > > X 3 w- 2 2 X on 2 on X in — —4 — X O X < £ CD —4 —

H

3 X X X X X u X
Cc 2 X > 3 < X X 3 X on 22 X X a X X X X X X X cl on X X XX < t“ - p- a 2 » 3 2 X •* on X' X X X 3 3 « » •* X X a 3 • »
X X UJ — £ • » X —

k

2 2 3 X o n p— Ct •> 3 X a: 3 o >r < < a: on • •
X • or c o • —

»

— — 3 — c cc 3 7T X m C 2 I 1 X •4 2 X on 3— — 3 IO — — 3 a on • X X X X X XI < X V X X X X <r • < X 3 't CC— 3 — 3 — — •w — X cc — < • i. on X 7 . X cc X » 2 2 X X O X X <r
rr\ • • > m O p- X — cc X pg X •> • • X X cr 3 c -£ • 3 3 — X • < • j:— X — 5. — m a X X on X Q. w — rei X UL' X 3 < s: «> X p— 3 X X «» p— X on X cr 3 «

cn > UJ c 3 > — X X c X 3 21 » on X —

i

CL Cl on on •— o cc a X X X (

J

3 C > < < XX X X on X -> z 2. —

-

X on X a O — —* > > X X <r — X - 2 • 2 • < X X X X <X C- 2 — O X 3 X X 2 CO X X 2 cc X X X X X X X < < — • — O on U on 2 X 2 CL X X
c. 7

" — > O’ < V X X < X W cO — UJ • 3 a 2 * CL X il X £2 — C CJ X 3 0l < •
c < X o • X — < • 2 2 X 2 3 X X X a X X 2 2 — X — X X X m m
*—

•

• u) — p* — • •» nc • on CC — vT < o c CP a: 2 a. on < < > > <3 O < p” X on 2 < 9
CL • —

*

< — 3 — — — <T — X on X *4 < X 3 — — X X' X X X — — *: X X X X u> o 3 U' LL' X sT c3 3 3 • X| nT — > o —* X w 3 3 • p- X rc CD X • X X X X X 3 U' X rn X X > 3 m X
> O (3 m W ^ ^ — X •

-nw — 3 > 0T> X X — C —
IT^>-gu. r^CxXQ.x<r_j— T-^CL— > C. ~ I — x C 3 ft 3 — 1-

— x e-
• r it

eg rvi — x
X X X
x u ! 3
•o 00 2 2 vT

c on •

Cl U X*

OC O'

<X 2
3 —

< 2x <r
CO Ll.

<r — •
x on »

< X c or n > C 2 >r y X X X p- cr 3 o O - m • • • m _ • • . • • X X . • • • O' • 3 «
X 2 X p- FI «c X 2 — X X < < — X — » • • » » - » o • » « • • • X » X •x «c 3 2 c» p- X — X X X X I X C- > o X X a 3 » CL' o o — c o o o • o o C o o c 3 o c • o » o

cr <3 < 2 X »g X • Z- X X • _r X X X X X X X X r 3 3 X >T X >r X
X < X X c. X •—

•

1
—4 •-4 CL —4 - —

t

^ 4 r-M — — r — r*» — •—4 —4 ^4 —
<1 > i <z 3 X
2 2 2 2: 2 2 z z 2 2: X e o ? < p» X X • p- X X X p- X m x X • X » X X t— X • X » X

o 3 c C c c r UJ 3 c a > c X 3 nr a > «r <J <J » < < < <1 • < < 3 < -r' X < X < c <r < O < o <
•—

*

I_ r !•* 7 y y X S I 2 X 3 . 2 c r — 2 2. 2 O' 2 y u. 2,
• 3 cn 2

"
2P cr 2. c J y 2 '

CD X CC1 Z’X 2 T
2t T*

• "> > 5 r >: >7 ;y 2 y X X cr cr c n: y cr r— PL c X a a. X X X CL a «/ n X a. X or< 3 c o C 1 o C) X c c o a* c o a X 3 c c o c C.' C- r*- ll ZL LL 3 3 c o o 3 C . c o oX u' X X g' X X X X X V— X cr X z X X X X U X X u X <z u u X X X X X X X X XX z. on X — — — •4 *—

<

rg •4 —4
a. <1 2 < ar o o eg a: »

- 3 0s r4 eg nJ* an an CO O' oo X D a CL eg eg VTi on on a*. un O'. IT s0 >o c o an o «o X

X o X X VJ X X c c

a. G O x x *

3 — x • •
3 O 3 on x • o
x n 2 x a:
l. » x • x x <

X o 3
2 oc

xi x* a
^ J IL

3 O
O X

x •>

2 C

^ N CO

— rg x g* tn 03
x m x x x x
o O O O O o
2 2 2 2 2 2
on in on ^ on on

CO O' o eg m in <5 X m O' O X pg m vj- m X 3 O' o ^4 eg mm m >r 'T >1
"

>r an in m m in m m in an m «o s0 O
w~4 — •—

i

«-4 «-4 X X — — — — — — — —* — •4 _4 —4 ^4
o o o o o o o O O o O o o o o o o o o o o a o o o O
2* 2 2 2 z 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
v> on on t/< in (/> on on on or on on on on on on on on m on cn on on on on on

C-51



Oo
o
Ul
O

c c O 0 C 0 O O O O O O O O C O c O O O O O O O O O O O O c O O O O O O 0 0 O O O O O O O c 0 O O Q O O O O O
0 c O 0 O 0 O O O O O O O O O O 0 O O O O O O c O O O O O 0 O C O O O O 0 0 O O X O c X O 0 c O O O O O O O O
in m sT un C r~ or cr O -4 <N m nT in jr r» CD <> O —

*

CN m in vO r- O O Nl m vT in r- *D O fN, 'ey vT X vO *- w LT O —

-

fN m >r X O
+? Nf 'T *r S* >r *r IT in X in m m in w

n

m in >0 vC •C O 0 0 nC X O r- r- r- r— r- n- r- r* CC CC CO X X rn re X CTj w") 0“ o- cr c 0 Cr cr

X c* v" C c O' C* 0 X 0s O x O' cr 0 C' X 2 C O' J' a- 0 cr C cr O' O O' cr '2 O' Cr c* 2 cn cr a 0> 0 J cr L" O O' O cr (J* 2 cr cr cr cr
r- *>4 r- r- r» r~ r* r- r- r- n- r*> r» r» r- r^ r- n- r- r^- r- r*» r» r~ r- f— r- r* r- n- r^> r«- r- r~ p"- Ntt, r^. r- r- r- r- r- r**- n-

rj IN N fN fN in in <N N <N <N fN IN (N IN rw IN IN (N rj IN IN IN IN IN N N >N rj CN <N (N IN IN CN fN CN <N Nl CN IN IN IN <N IN IN IN NJ IN <N IN IN IN
O O 0 0 O O C O O C O O O O O O O O O O O O O O O O O O C O C O O O c c O O O O O O O O 0 O O O O O O O O O

> - *• -
— X C\J >-

V in
<\j •

* in
x -4

u_

u. »
*• 3

« O
3 X
C u.

X
UL UJ

>
UJ *—

> »-
— <

<
>-
2:

O
o
m
>
2.

3— » UJ O O' c.
wO •X »—

•

a. «xa X * »
u- > U> O X 2 cr 44
Q- •> CL 0 • » II X
• »— fN a. a «• 0 >
• <c • « C M » fN

nC- CO r-4 r- «• >0 O nT —
vC LL —

1

LL V 0 L- O X
- 2 LL < 0 •* —

>

m 4-4 >
• • » x • r- • "3 X 0 *• X

• * IN X X «* — * > •-4 i-
— N • • — • X *— >r u
Ir- O O 2 ** 2 h- • > — fN 0 >
a. -- CJ X LU X * •— X O r4

P— UL «—

«

LL X > —4 » .44

• • •- i— • CJ 0 m X X X «N CO X
• • —

J

<7 fc-. X > <J cr a; m O > 44
O uu • X y X • —

)

2 X 0 O 44 44
X > X «~ m u_ e < W —

<

C2 0. w IN
lr- — —

»

w- X X 2 2 X r- X vr
• — LL 2 <-4 0 m -4 W m • O 4°* 0 0 4» X— •- LL * 0 • LL r-4 O' 2 4-1 C3 • 2X > -ml » •• > O' 4-» * - < X 0X • —4 UJ 9 X fN cr « X X CD vO — _ 4-» 4 X

U. c. X. L- U- 0 fN > x> O —

«

> > O X X X X IN IN s. 1—
• —

*

2 2 — i. 2 • 0 - «— «—

«

> > > > 4 X <
c* LL X X <? *• O •-4 «— >-4 W —

>

M 44 X 44 X
VI — X CJ X • » O — • •. > X X UJ •44 44 >4 44 X 4D 4 * u

O' < X IX X V IX X • >x r > > O X X X 0 X cr 44 44 X
• »— • > • fN UJ •» IN X X K- —4 - 0 0 2 —4 IN > > > • > X «
• • IN — • 0 X *- > > •— O > < —4 2 O —

*

X 0 — a 0. a 44 —4 —4 X H -4 X • L—
re. • X X < • Uj > - 2 •— w”; IX 2 x 2 «-*

t > >- > > 44 > 4 X X 2
-n U 1 LL n* X X • 2 r > —

«

~ *— -4 >r • fN 2 IN — L- u- r- Ze X 44 <N 2 X UJ
w- > •* LJ cr X < *— 0 ^ C 4- —

•

2 X O —

•

1
nC

1 O 4-. >0 —4 O > —4 r4 2 X
* — 2 LU cr < c. X —

«

Q. 1
—

•

4- 9—4 X X —

*

44 44 cr C * •— —4 44 44 0
• p- —

>

• u, X CL X X 2 fl X X C O u 11 > > «N r*. IN II X < > 0 f^4 W X— •• • X < < a *-4 —4 11 X X <— C X 4^ -3 “3 «- mm «— LT L*N X w> 44 — X -4 44 (N U 44 X
cr O «, p- • • X — > — X <7 - y: > “3 cn —• CL — — • - • 3C — T O X 2 UL > - u. CL

^ • nj — CO cc

r- < C O O
n- 7. 2 r >c x
*“ - Q- —

c c
u. X

x ^ <\j n sf
^ o
h- 03

X X

fN 5.
• X

if C2
— II

C >
< :
uj r
CC 2

*" h O cr — —X V)
> ->
— — II C X— — II — UJX X
> >
> a
X >-

«) c
c* >* >
u. 11 2.

X o
>

wo u
a u- <NJ J a Uj

2. d -J ‘j’ i. U. J
X uj X O X uj 2

X X
-* >
z. a.
> >

I- O *- CD r- U
X — X — X CL

wo
>- u a *-

<\! Cl — IX X
• • X U Cl

2 x 11 u x a.
~ > UJ

y:
o

CLCXXULQU-Csuu^-c-u C ll < O
C — LJ IX — — X o

C a:
O 3

>
a
>

X
CL

O ?. h L'
UT X X uj
U QU X— >

— >* c' uj :

C_ Z) oj »— _j —
<? r. — — _j x
U-. >0r U. < fj wO t£ < ^
cr 2 3 — <x 02 'to*<

— J X X

OOO

I

I

1

1o

-* rg m J —

1

in
O OOO -4- -4OO

ir -rt

o o
r-
o

o
o

— IM

u u a

1

I

8

IO

*4* x
O vO

o o
2 2
wo wo

o r** ® C' o -
•O^C'O'ONN^N *r x o r- cr. o o -- n ro >r y x r*- rr cr o —< IN

SNNOjcooDcuuJcP^cocnaiO'C'O'

OOOOOOOO OOOOOOOOOOOOOOOOOOO
22222222xxxxxxxx 222222 2 2 2 2* 222222222

pr\ JIT i'k.OO'O-i rvjfl
O' J'C'O'C'C'O'OO OO
O OOOOOOOO 00
~ ^ 2^ Vtrtl/llflt/iull/ll/l COV/1

C-52



UJ
o
UJ
o
<
CL

H

o o o o o o o o o o o o o o o a o o o o o o o a o o o o o a o o o o o o o o c o o o o c o o o o o o o o O o o
o o o o c c c o c X x o o o c c o o o D o o o o o o p 4 PJ x sj- 'o o o c o c: X X c o o o o o o o o X o X o o o o o
x © 3 o —

4

PJ ri vT CP c x x 3 o PJ o •p X X 3 o —

)

PJ PJ PJ PJ Pj X >r UP o x CO X o —4 p X -p Sj x X O' X p X cP o
t- cr C* ro 3 o o c o x X X c —4 —

-

— —+ «—

t

rJ P PJ PJ PJ PJ PJ P' pj p PJ ip PJ p p. x X x X X x "»*' *** x X >r 'T sT >r >7 nT >T 4-

C' cr 17' O © o o o O o c o c o X o o c o o o a o O c o c o o O o o X o X o u X O O O x o CJ c O O c o o o O o o ox x © cr o CC © X X X X CD X m X X c X Cl X X X X X X X X X X X X X X x. X X X X X X X x X X cr. X X © © X cr X X ©
p p* P P P PJ P Pi p p p PJ PJ PJ p PJ P pj p. pj PJ PJ PJ PJ PJ PJ PJ PJ PJ PJ Pj PJ PJ p p PJ p p p p p p p p P p p p p p p p p p p
O o c C c o o O o o o o o o o o O o X o o o o o o o o o o o X o o o o o X o o o o a X o X o o o o o o O o o o

r-
X

X
cn »

o o
• • •

o o o X
• o IP o —

*

LL
o o P P o <
o <£ o >c Xo • >• co

X X •> o X o * i-
*T o o P • > o Z) X

• • « o 3T • o 2
• o o p o X U o X
to • • X O >
CO X * o IP

CO co X * •> CO >• 2
-J — • > CO > — o o > CO 9—

.

CO UJ to —

»

> •» • • M > 3
to > co •— w o c o w a CO

> CO — CO • CO w X
» —

•

> lO > X o 'T * -P > CO »
• • CO w X > X > * > > IP > •T X
—

)

CO to > to ? X T1 3C X 7T > > < > J
•S) > CO c O > r zr C X > zz D X < s: O
CO p < C > > r X c Z) o IT CO X 3 X—

1 X < > o O CO C co
—

*

ll
•«* — —

•

©
II ll w » X w J* p «— X w >y w •_ 3

»- 9 IP CL vP a. CL vO ct © o c X CO
CO * c* • 'X. CO iL * !x * • 'X.

CO lO LJ tr X UJ — UJ > X UJ X O X X X sJ Urn 2^- cO UJ X LL. X UJ •— X UJ CL* 3 LL. *— X
*— z. W c_- 1 c. z •

—

l- n L- i <z i i <L >
>r W UJ W UJ w o cO w UJ W o *- UJ w UJ . C

CT- L • u > u U 1 u. UJ
w X X _J X _J X x- X W *- -J r~ X X CL

X. —1 *“• —

J

•— -J T. •— -J •— •— J *— X X o
c- < < c a’ <t <r < C cr < Cl <1 cr cr <r <-

o o o UJ UJ > 3 UJ 3. UJ 3 UJ s X X

o o o o o o
11 o

II

VO
<S) —
*— CO
w CO
to
S) W
x v.

Z> ^
X X
(/I X

X bO l/< t/i (/)

— ip co co co
*- X X X
X Q X —

O IL ul I XLCO J/-

o
o o
O II

II
—
CO

—* CO
V*. —
CO —
— CO
— CO
co 3
to cc
tr x
X X

x > p >
> > r > > 5:

x j x v i>. x
x x c x r c.co o o

ii ii

ii ii ii ii

— — CO CO
to co to to. to vi
to v» — co to *—

«— *— cO w — CO
to V S) ‘S) cO V**

v". co c. to co a.
u. <r r c: ^1^0- i D*-
X X X X X X

>3
P
»

X > X
IP X IP

13 o
T O •

CC » X —4

o X IP in •
U. > IP X ©

IP
U «k —

*

^-4

O ©
p » IP co co X o
X P —4 J> > > >0

> M X r4
» 3* IP w w 2
5 IP Ul CO X

IP c > > 2 p m
» > a X P > >

* X —

%

> o > 1
—

»

2 2
> 3 X • X

1 3 3
2 IP 3 <3 —

«

X O o O o X «* o f4 O C
c- —

-

3 to CO X X
3 ll

>
ll II ll ii —

*

> —4 co II II

X fc— >c IP *— >
<r «

»

—« «— «-• w M w a
j CL O co CO » wO CO CO to • CO X X cO to
Cl X P > > X > > > > X X > c CO o J> >
Cl X * — X •- —

•

— •— X z CL X > X - >—

•

X Zr w X r w — •— *- X > X X X w w
2 LL *— CO b— w co to -o co w X X V UJ CO CO— zz — > u U. > > > > C X X X J> >

c C. X X a < X X X X X 2 Xw <r V V — > •— 3 Z — w X <— X C C
X u —

-

X X C X X c. or a < X *1 X X
X •— a X •— 3 X X X X O 3 *— X •— X X X

O
INI

I

I

I

IO

o Ix |

-• I

Iu o

P
X

O —

•

p ip
in
in

>o x © o
IP IP P yC

•J- IP O X © 3 O -4 p m >r ip X cc O' O —

«

po o O C o b —4 ^4 _• p>4 —

1

P p p pp p rs* P p p P P p p p P P P P p P p p p
c o O c o o c c o c o O o o c o o o o o
2 zz 2: 2 2 2 n 2: 2 2 2 2 - 2 r — 2 3 2
cO co CO vO. V* co to CO cO to co to CO co lO CO to to to cO

-4“ IT. vO X © O' O p X tP O X © O' o ^4 P X VP bC X © cn C _4 P X p
P P p p p p X. X CT X X X m X X X •J* xT >r nT s* >• sT tP IP p IP p p
P* P p p p p p p P p p p p p p p P P p P PI (U

:

P p P p P p P p p p
© © o o o O o c o o C o O © o O O o o 3 o O O o O o c o o o o O
3 “T 3 2 3 3 2 2 n *9 2 2 2 2 i* -• 2 2* 3 3 2 2 2 2 JF 2 2^ 2 2
to lO CO CO CO CO to tO to CO CO tO co CO co to c- to CO to lO CO to to to to to tO to to S) co

C-53



m
u
o
yj

O
<
Cl.

o o o O O o o o O a o o o o o o c o 3 c 3 X c 3 3 3 3 o 3 o 3 O 3 c 3 o 3 o 3 3 o C 3 c c 3 o O o 3 O o c o o
o o X o o o o o X n o o o o o o X X X X o o <3 O O O o C X O X O o O o O X O O X o 3 o 3 X X O c CJ o o o o o
cc X n r\i m ir o *- a: v7» o m-* <NI m >r vo O cr X -w *o >r k/\ O X X X c*g X sT •n r r- 3 X 3 —

<

v rr •D sD r- X) X 3 —4 rg
-* >r wT> in IT tr vo u" a* IT* IT uO o o 2 o o n£ O o g* o f— r*- r- r- r- r- x X X X X X X x X X 3 3 X 3 X 3 X X X 3 3 o C
o o X C LJ X c o c c c o X 3 X o o x X 3 X c C 3 C X X C 3 3 3 3 3 3 3 3 X 3 a X 3 3 3 3 3 3 o X 3 O —

-

cc c cr CO cc CD CO CD CD CO co cr X ro X X cr cr X X CO X X X X X cr rz X X x CO X co X X X x X X X X 3 X X rr 3 3 3 X X CC X CO
-Vi r>. rvj nj nj *\i inj <N Oj fM OJ ov r» rg rg r , rs. rg <\J rg (M <M rg OJ n. rj f\i rvj l"V l\» rg -L f\ rg rg rg rg rg rg r„ rg rg rg rg r4 rg rj rg rg rg rg
o o O o o O O O O o o o o C O O O O C O c X 3 O C C c o X X 3 X O o O X O C X C X X X X X C X 3 X VJ O X X o c

2
LJ

2
O

o
UJ
O'

LU
tO
cc
LU
>

o
in

a
a
LL

LL
<1

X
VO

2
UJ

>
t—
2

>
LL

lo vo
> > in
— — nO

>

a

to
> >

•3 O
- - —
LL LL

tT» —

*

<3 >

O 2

3
CJ
-J

3
—4 o L—

> O LJ
X • U- VO

X 3 —
Z I

>— W co
f O ^ O
UJ > »-

I - a ~
2 —

— o o
LJ UL

m
oL

r-
>

O

>0 r
> 3
2. •*

X in
a >
X

in o
> -
a:

rg rj

> >
5: y
X X
o Q
* «•

rg rg

> >
X X
X XQ C

«c r-
> >
y y
x x
o o

—
l —i < 3 >

«• < y O 2!
LU > 21 3 vr n
CL —• X •* O > >
UJ X VO >r - —

k

y r
• 1- o x o > rr X X

^4 vO r- cl LU LU 2. >- o co a xX —- VO 1— x r rr X CO X CO X
< • X UJ X C X 3 rg rg rg rg

r ao 21 0. o - # *o o X O L- X y. * o C » • •> • O
o o UJ —i < CL o rr rg • • o O X o O X in in
•—4 **4 * z LJ > > o o • • • • • rg rg

VO a o o o t y X o a o X o 3 m • •> o r~ LJ CJ X X o o o X X o O vr o o o
—4 VO 2 O cr rg rr n rr rr rr rr • aj LJ

X w x

ii ii >r
>

; cl vi vo 3
CJ > > C
u. — w |l

LU to vo
> > -

J ~ IL >
—J w* C"* >

x
— r^-

> X
X c
X —
2 LJ

— II rg

n -» i/i j
*. VO c“

r- *- > lu <:

<?X—2>“
—• C- — ~
- m r ii

X u* > c'— Q. - H-

i ^ U LL I r - ?s

*- c
C' cr C LJ C
C 3- LL r. 2

o o
in

«c
I

r*-

l *
i

**

)

u

X VO
,

X ~
2 II

C
C IL l/!

—
* ->

W c ~
c ? «
<1 -1 tO
L > >
^ aw O —

UL <S C-CL.
c
«c

»-J

< —
x in
< r^

?"

O

O -
V- U- f\J

LL> tO >
- > y

a. X
U • •

CL — -4

X >
cf ti :
CL x
o x

o
O'

o
rg

in
x

r\i

>
y.

l

o

VO “1

I X
I

I -*

i

LJ O

o u o o u *
• • » • U, c i
O X O LJ tr s» -

CM —
II H II II C C

< <
o' in o U. 1 o u.

x x x x cl C a

i

i

i

io

X si

o cr

Lij OJ u.
X X K-
O ULi

-J < —I ~
j u. r*

< CC < L-
U < L' C.

rr s?*

> >
? a z l
X > X >
X — X —
— *—

w — w <r

CL CL L"
^ C ^ a
u c u /

IT O
> LU > LU
y > >

c »- c »-

— <?
^ O0 w o
21 C C Li C

>2 > —

U 2t U -
< <-

—
> * -J 3

-J c: —. a
< l: < c.
U L U a

2 c. l r
O <w
u. X L- X
2 *i X —
o c LJ <c

TJ >
J ^ J i—

' LJ — LJ
< < < <
C J u c

C CL X
? Xw O

I

I

LJ

LJ

m
IT

I

O

—• —• (\J

• (\J • >”

n > u\ 5:^ r cr x
— 5

w
n — ii

« II o— u- —

‘

- u0 I-
~ »- — LJ— X I

VO

I
in O ,_—

O — aj ~
LU — VO
V“ v~ > T— 7. 2 L*>

L J L I— < — <

i/ in o m
CJ CD O' C'

O O
VO CO

-o L0
a 2
LJ LJ

II II

w' O
vO V

VO VO
r. 2
LU LL’

O U

<o r~ X X 3 W—t rg rr >r in 'C' «x X O *—4 rg rr c- JO ^C n- X X O rg rr >r in •O r» m X C rj rr >r in O h-
in m ir> an >0 o o O o >c >0 v0 'C' v0 r- r*- r- r- r^ »*»« r^ r- r- CO CD cc X CD CD CO CD or) ao X X X X X X X X
rg rg r^ INI rg (N rg rg rg rg rg rg rg rg rg rg rg rg rg rg rg rg rg rg rg rg rg rg rg rg rg rg rg rg rg rg rg rg rg rg rg rgC CJ o a O X O O O O O O O O O O O O O O O O C o O O O O O O O O O O O O O X O o O O
2 3 2 2 y 2 2 2 2 2 z 2 3 2 2 2 3 3 2 3 2 2 2 2 2 2 2 Z 3 2 2 2 Z r Z z 2 2 2 Z 2
VO vo V" cO to vo to vo to v-> to to to to to lO vO lO to lO to vo to. vo to lO to to vo vo vo lO vo to vO to to lO to to vo

C-54



O'
u>
o
LU
o
<
a

o o a o o o C c o o o o o O O o O o O O o O o o o o o
cr c o o o o o o o o o o o o O o o o O O o o o o o o o
ro 0 r- no c* o —4 “V ro >r in C k. CO ’T' o rv m >r m c r» CO O'
c; c o 3 o •—

<

— 1—4 «• 4 —

*

—

<

•4 —

*

rv •v c„ rv *N rv rv rv AJ
—

•

_ —i —* m-4 •— —

«

— W- «—

4

—« —* *—i _4 m-i «—4 •—4 *—

i

—

4

——4

cr OC m co CO 00 cn c- CT Z: ro CO CO co CO 00 cc CO CO ao cc ro CC CO co ao
'V rv rv <\! rv rv rv rv rv nj rv rv rv rv rv rv Oj rv rv rv rv rv (V rv rg

n w o O C O C o O o O o O O O O o C o O O o O O o O o

l/)

X
K
O
z
LU

rv -J
>
2: -J
z> <o D
» Q

•—

i

»— >
a:
LU n
Ql z

ro rv
> > «s

rv r rr rr. —

•

> ro X X CO
<r o Q s -» >
UJ IT •n.

C rv < X X h- w
«- < -W- w O -O

—4 —4 -4 - 00 >
Cr > UJ V > to > V or •— -J
u. : o O u. V 7“ r>

Z; < X* 2
‘ 3 — _' L0 X oO

C' r: u. C c o Cl

c_ —i 71 II ii II It vf

—J 4 ro •4. U 4- u. 4 —

*

X
or 7% — -

u_ r» V in Vi vn> K- U II

X u X U- X u. X o> 7* o m.

c? ci c — vO •—

•

7"
ii II ii «

X.
-
*

: v cr w CO g:
c*’ •o ~

v* ro in Z' o > > uo o u
X CO X VO X uo X < -J CD rC a

•» •»

* * o
* i i o >r
* i i * rv
* *o o o o

»—

u o >- IL
CL O0 oo 2. O
•— •— «—

.

D o
<y W w. CZ r in
00 oo o0 •> Z) rv— a 7 «•» —» oo •
> UJ UJ tn. in O
& o o > oo to to in o 0"
z 4 •» *— oO oo C* rv ow 2: UJ 4 < «k

ct OO O0 oo UJ in a o
LU > > > w *— o in O •

CL t— — H- X rv * ow w w < < IU o
x» OO to Ci o oo to o
or > > or —> -J f— > oo rv
< < <J J> Uu LL X to-* z *
2 * •— o X •— o
CJ — W N to •

X OO oo OO IU
1

> oo o
or > > > IT >r X > «—

4

* —J X X —

»

m <r M to

o w * o~ r- 4- w o
• oo OO —

.

II ii o > oo lO X
>r > > O <r M II > —
ii <1 < cc — 4* w M — -J cc— £ •» » oO to 00 00 a in II

LT o o I— J> > > C > u>
> • • n — *— LL CL to- to UJ
•— nT V £_• w — •—i < a. - ^> X

II II w cr. oo — UJ on t— o
OO rv LU 1.0 to 00 > w
> > > K > > O u * oo -J
cL >' -J Q U-‘ w mJ < oo -J

J* IT Z) cr C x CL < i— > <1

a c o > oo o — o oo u o
I o m o
I m ir ^
I CV (NJ O'

Io

c
Z
UJ

cn O' O rv m vT in O r*- cr o —4 rv ro *r uo «o 4^ 00 cn
c O' o o o O o o o O o —4 —4 —4 —4 *4 «-4 -4
rv rv ro r° n n ro m m m m ro m m ro m ro ro ro ro ro ro
O O O O C c o o O O o O O o o o o O O O O O
r r z 77 2! 2> r z z Z z Z 7' z z z ? z z z z z
oo to to CO 00 oo wO oo oo to to OO oo to CO oo V0 oo oo oo to co

C-55



&
no
•

o
•

O'
o
fM

*Q

<
Q

O
O

oooocoocoooooocoooo000000000000000 oooo^•mO^OOO—- f\J v* ^ N !T r O —*"SJo-crooocooooocoooo—

•

<N in in in in oj n“ nombfonomro^ b ro no noOCOOOOOOOOOOOOCOOOO

OOOQOOOOOCOOOOOOCOOOOOOO
r^^incNsCTO-^rNi^^
—4 —' mm m-

OOOOOCOCOOOO

OOOOOOOOOOOCOOOOOOOOOooooooooooooooooooooo
b X O' O —«<Ni’ri>rcn'Ob-CDCrO— » <N no .*4 cf\ >0

r\j(\Mrvjpor 1̂ r'(^^r^^r'^Pr >T »*T *4 *4 *4 >4^ >4

oooocoooooooooooo o c c o o
OOOOCOOOOOOOOOOOCCCO

Cl

o
cl
UJ

a
X
oo

oooo
o
«
*
*

COOOOOOO ooooooooooooooooooooo
IN
+

o
cr

u CO W * LL CM UJ L C MM -M

UJ *=-< o co in * O b- co a 2 CD c
a: X < ¥- > CO CL MM X 3 —

*

U 3 cO

X h 3 X * LL b- b* o 3 X o cO X a
o X X co X * CL MM 3 no X < b
2 b V b- 3 C •> mM b 3 b X
m. O X X -J •—

•

2 * CC Cl W o MM MM 3
a a o X M * UJ 3 CL IN X <N X •»

2 a M-0 o MM * a co O 3 b- 2 PNJ —

M

X
» < X Lb 3 o CO * CO CL 3 b C 3 3 o

UJ 3: 2 1— MM « Lb M W- CD 2 M- CD C <r a
«— O a' «— o «• c X < O b <1 o MM 3

* O 2 CO b 2 :r V « M b- -> u b 2 4* to

LU < CO LU 3 UJ c- X •» •> < CO b 3 X 3 3
c CD a— 2 Lb O UJ UJ X * x mJ CO «* M O cO « * — 3 X X
o 2 *> O— 2 CC LL’ 2 2 3 •fr b- to 2 MM o UJ X MM, O MM <r 3
o • O <3 *—• c— X 3 — s- UJ 2 * <r b- o <4

- CO X b o no b MM

o a 2 o d— 3 —

*

»— CL UJ M «• UJ Nf mM o 3 no mM 3 3
il < — <• c JO u~ •O as 'X -M. J3 UJ « M MM b CO M- w o X •
UJ 2: * o X C — C b- co * X CO w »: 9 5 X Q a b MM b
b o CD a d— CJ a Lb UJ 4— * •» MM cO mM <N CL 3 c 2 2 3 o 2
•— o UJ Lb o X 3 oc c

r

-J CO PO •fr MM h- 3 «>M MM X MM 9-4 b cO o 3
to c X 5 CO 3 a cz 3 a: CO >“ CD CL 2 3 CD M b 3 CL o X MM X
* O u C co 2 3 cO 1

< LU UJ X CO MM a 4- CD < b MM- co 3 > b MM 3 no ob 3 * co a « to -b o —

*

X UJ . lb < d— b (N co a <5. b IT MM 3 3
in » o Lb b> b> LL CL CC < X) 3 3 l— M. •• b- o vf CL 3 b a •> X CO
ii * 2 • X 3 L- b~ 3 a <3 c CO «-* 2 CO < b- UJ •> UJ «—

3

a 3 3 O uO «D
b o *— < b

1 CL LL 3 a < > MM CO MM < O x X •• — CO MM x X » MM b no CL b 2
Lb — O 3 < a 2 cc UJ —

J

MM M- o MM MM, o X CO 3 X -M o o 3 3 —
o <3 <3 Lb M X 2 O CC <z 2 > CD cc M d— o 3 CO 2 o no -M. 3 MM X M
u o LL‘ c > CO - UJ UJ > X M- <r C7 •* x >r PM MM <3 m co IN 2 CD X MM to

2 cr* CD < b • CO O or X IN > UJ d— b- mM MM ZL 71 —4 MM 3 2 3 3 o 2
•— * b 2 2 UJ UJ 3 LL’ -J c 3 > a: CL mm o u O w m CD O 3 2 MM cr M-

—

J

b 3 zz C Lb LL’ 3 — CL H» < a. 2 X cc CL 3 c a <N 3 «- C •— -P u* b 3 X c MM <
CO *T~ c. < CO n — 3 >- UJ 2 LL a X UJ 3 X h- 4— 3 2 MM b b 3 X < 2 3 CO CC

<N 9« d— 2 UJ Lb o b- O a: a. Lb • 3 CD CC 3 a 3 CD C p4 3 < 3 cz 3 cO b a CO 3 b
o 3 —

*

sc 3 LL’ <3 CC m < MM 2 UJ X n CD < + 'T o o as < MM- 2 •M* 3 X
n o iO 3 CO —1

CO CO CO INJ t— » X MM < d— 3 < •— < b a » b X ID 3
b 2 -J UJ co 2 2 X *: UJ b * 2 2 • b- d“ b O -M CD 3 b to •- MM <J 3 2 O
a c a X ®— • lb » •— •— o o <3 b- -M 2 b- O •• M- CO 3 *—> 3 b in 3 MM

o o x b < 2 2 < < •— LL' UJ M— <N CD <r CL 1LL M MM b r > b MM -M M MM. 3 -M 3 •» •- MM •- X
• *— L— LL b _> UJ 21 O' 3 X X a: w MM * 3 o MM cO — MM o o 2 < 2 c 3 M^ <N X o 3 o 3 O a MM LLJ

2 C 2 —

j

S' < -1 > L*> b- o CJ 3: CO b * CD CO CD X o c >4 3 —

*

LL o 3 rj no < o CO no M- o a CO o MM X
*— o C. -J c* C X > * X M M CO M 3 o c •4 3 p^- M — m —4 b vj- 3 3 (T o X
<t X o < co 1 1 1

co
1 » I I— X M MM- MM —4 M Mm MM 3 <N •— MM 2 —4 MM 3 3 MM 2

—

2 3 MM cr ZD

r UJ b 3 LU 2 X * LL • X MM MM O’. • o b >r 2 W no < w x» b 3 cr X X CO MM 2
• D u. u_ C c UJ 2 M- 3C C 3 LU 4 5

*
b- LU CO cr — — >r <r MM 3 M-3 3 —

«

IN > <N — CD 3 3 c 3 to
Lb Cl 2 C CO CO o * cc r C CC * co X a — cO Cl 3 3 b X 71 <3 3 MM 3 3 3 X 3 — 3 M- MM 2 3 V

it o 2 — <3 co y 3 2 < o L_ o < « UJ b- C' CO CL O CD a_ o Mm — < 2 C az X 3 CC 3 X CD X X X X
u. x •— b 2 X •— CL 3 LL LL OL X 4 3 LL 3 > 3 — < <J 3 3 b» ** C'. < <i < c < CD 3 < <1 b >
j- b o C ® Lb to CO a. C O I X ac CO * (X < X co Cl 2 b b- CO 2 CO 3 U' b co b b o b X b b > 2 b b
< o UJ c- (-0 3 b -J > H- O Cl o o u. C * <L <r J* UJ b 3 4- 2 2 3 2
2 to 71 X b 2T —

*

CC 2 2 4 •— M. 3 X 3 2 rr 3 b 3
•— x < *— 3 o C < or or V * LL' CC o 3 X 2 X

8 b x> o - 2 CO •— LL. * <. CL a: a cr a ac L a cr a. c CD CL — O’ > CL b or <3 3 X a e
O CO «— O •— CO CO O 4 > LL-' UJ u > UJ UJ LL’ 3 Uj 2 3 2 3 •— 3 3 3 X Ul X 3 t— 2 3 3 3

to C LL o < oc 2 3 3 4 c <3 O O LO o C O C e C C (C o o <1 C5 3 3 e> CL C O o uo

2 O' CO a UJ Uj u -J * 3 u. 3 u. 2 U.1 Uj 3 •— 3 — 3 *- 3 3 3 2 3 lO 3 3 < 3 3 3
C x <— x CD CC X X X o 4 < b. b- b c. b b b- k— b b b b b > b b > b U' b 3 b > CO b b UJ
»-4 o X 3 3 UJ d— •— 2 * CC 2 2 2 *— 2 X’ 3 <3 2 3 x U) x 2 2 o 2 C 2 a 2 2 2 2b co > co cb o o c * LU MM •— •— 3 — b- 3 •- 3 •— 3 •— 3 — — b •— a — o *— a 3 *— *-* —

o

<30000 <3 0000000001.) o o o o o o o o

c
o

o o

nj ro v.» in >0 b CO O' O M4 IN no in b X cr o
O o o o o O o o p—4 —4 p4 H —4 Ml M«4 —4 p4 p4 <N
o o o o o c o o o o o o o o o o c o O

IN o o o o o o o o o o o o o o o o o o O
3 2 z z 2 2 2 ZZ 2 2 2 2 2 2 2 2 2 2 2 23 VO i/> wn to uo CO CO CO co co UO to to CO to co CO cO cO
>
UJ

C-56



<\J

« o
o
UJ

• o
<
CL

c o o o O O c o o o c o c O o C o c c o o o o o o o o o CD c o o CD c c C c o CD O CD o c o c: O o o o o o c o o o
o o o o O o o o o o o CD O o a o o o o o o o o o o rj o o o n o c O X CD c X o O o o o o o o o o CD o o o o o o o
s. cc c* CD CM m >r m o h- CO O o ^ * CM rr, >f m o p» CC a o —A nj m vT m o f*- CO D*4 o —

•

CM rn vT un o 03 C
*4 o — m nT «n o X CD o —

<

V* >T >n m in -n in an in m on in >n o O c o o <J C «o *c h- r*- f^- r*^ r^ r- r«- a -0 X CJ an OD 3 CC ID c LD C' CD c* cn c O' CD O' o o
«

,

,«r* r' -n r< .a m m «n o pn rn rr* m cn m r- fr, rr, n rr rr. i-n r'. m rn .^n n m m r ,r r* n <*' rD m m pr, rn r*

,

n v*n pr, pn P", m m m >? vf

e c O O CD O o o O o O o O o O o c O O o CD O c o CD o o o CD o O O CD c CD O C O O C o C o o C c o O o O O o o o
—

j

J—

i

—4 —

!

*4 o-a »—

«

a •H —

>

a —

»

—

0

a —

•

—X a m~d i —4 —• — « r—

>

«—

i

*-* •—

>

— —

-

•— — —

O

•—

<

—

<

«—

•

—

^

—

«

—4

o o o CD 3 o o o o o o o CD o 3 o o o o o O o o o O o o o O c o O o O CD o o o o o c o o CD o O o o o o o o o

o
o

GD
<

o
ro

o
o

«« z —a *
o P- n *
o >0 a *
w -a- a —

•

w *
on a p- o a *
> - o z rr\ o •»

a «*» a a w a
> - a - > a *

—

*

- H- on V- z X a z *
a LL Ct -J 2 z > *

o CC 0J —

J

CD p- * *
LU — • *— h- 21 •* a —

»

«»

on o on T. -J X X n *
> o o -J •c UJ •~4 *
ZL o UJ a

—

- Z *
-J on W •j X o > a -J o o z
> on CD on a. a a w m m CD

«— 3l > < on UJ K- O D- w w on on
D CD >— on -J 2 z Z • > > a UJ
Z > -J CD a w •J o on U. z ««« C —

»

X X 2T < — * u. CD
UJ —

»

-J *— a —* X CM -j z o Z -J » < —
in — o on a o >0 W CD < a P- X •—• on o
UJ o o cn w. < 2: z p- on a •— Z in a UJ o O
X —a m «j > _j < a a p- — p- • o -J —

*

^-4 < —J ro in
»-' o W 2. UJ W —a D on C a z * — m w > a w CM

< ^n v0 -J H- a m un —* a >— UJ < -j c w •w a a < on w
•— > ID UJ UJ p- a 2. on > w c pp. > c x -j •»* on on
a z on —

J

W C — on > -j — a o -J Z m w p- a X < a — Z on
<j c > — 2D a on Oi a a a -D Uj W CM a on a <T UJ o < o 3 -J

2. on <r

> on p-

o
O' •C 3

—

*

IA w

o
o

on m
a w

o
in
cm

Z
<

OO *0 UJ

O a*
vrv Z
<M O O— — > a *u m

a cr cc o' a

a < <ij«
< Cl cr- ? <?

a ->

< •
> — p-

**n on

LJ —- 3

H- X •*

a •

CL
p- %C
X w

~ >0 ~
* >0

oO •„-* -

• om ~y

uo —. o <

OD XT > P-
iLi u»a — C H* P-OCZ 2

• <, *— *

3 j > —

• —i * o rr

IT 2D O <5 C — — — •* —
^ <r ^ N a O O cr *• «— Ow •— rvj «— jr - m < — O r,
> d a o' l. 2. a > c o a

s. a
a O

a < — -
on
a

a —

»

< o
> a

IP
on a

7* > O on X~ a a a
wo p- on on
on x on » u. ••

-’ u > — — —
on j x a O 23 O
a o O < in

_J * U_ • on fn •—* CM

03
<
a<
>

> aT —

j

< C on (7 -j a > < X w a < a a .1 < or p- » c D> r* W > on c. a Xi a * » C CD X a on < on a
Z.’ u -J X —

j

> p- p- -J z O > a x X p- •— > O c > >- a a a V W > on a <r 3 < a •* on a on mmm cn a >c CD on > on >
7* L_ C- a < o. z — a p- y — a & a x .j a x X y •— > on a x m M x « a — a Cr

«— a. w < a a p—
CL <"a r- c — c P- X a1 P- -j > U.' UJ a on c < e p- a z a *-• a »- < a a _ n o* a — -J < a < o. < o^ — a a UD
P- 2. L. p- a - Z UJ Z •- O P~ Uj z o a a > UD Z C o c X < Z P- cr. x Z a c -J < C •fr :r 3 si cn > X > a X X < on a

on < u. c o -J jr a a a — a > « < Z < LL a a o^. a < a a a a a
> 2 UJ UJ UJ a CD a p- p- a <3 — a a a > >: a UD

*> c on C < a o a < a a a CL a a Z Z o cr •—

i

U lw‘ a f. p- a u. a ££ a a a T a a a •— a X a a a a a a a a < a a a > X x 2C •» < < < < a c a a <3 X
l— — u. UJ 21 a on u 1 X UJ O uj u_- a a a* Cl a o a a a* on a a a UJ a a a a u x a > > > •— *— 2 x on •— a
C - «r L.“ u *w a c on e O > O <r C <r X p- C C c UD O U? e U" C <2 (' O a > ur a O * c a O a a cr a >
w c «L> a X Lai 3 a UJ O a a -j a > a a a a* a a — a a1 •— UJ a a a X a C a *» a mJ Z < < a a c 2 a x a <
p- -j p- a0 K on p- UJ p- Z p- > p- a p- a a K p- p- U' p- a a a a a a a a v < a a- <3 < x > > or < a < O < on < > >
z •— X Z a 7 X Z Z •— X < Z a X a Z 0P Z Z < Z Z a Z x < x x x p- a z a x * Cj a *— a - a a a a <

p- — on a —

•

•• p- — 3 a •— a •— •- •— — a — — X M a •— *— •— a — X — « a a a UJ a a* a a a on sc a or a
21 a Z < a Q a C k- UJ a z or •— « x a X c z z c

n

Z Z c:
U- z UJ 3 Z O a < z a tf UJ a c c a _* c 3
> to •J on a o a 3 a

«
<2 on z a a > on a rj on

UJ o o u o UD UD UD UD u> o UD UJ UJ UJ c c c c UD u UD UD u u) O O o

fM
O
o

ri in «o f- CD O' o a CM m in >n cr c o a CM m m o
CM »M CM CM CM CM CM rr, m rn cn m m m ro c*n m nJ- >r >r >r
o O O O O O O O COO o o CD O o o o CD o o o o o oo O O o O O o O o o o o o O O c o o O o c o o o o
x z z z z z Z Z Z Z Z z z z z z z z z z z z z z z
on on on on on on on CO on co on on on on on on on on on on on on on on ona ** a *« a a a a a a — a a a a a a a

C-57



m
u
o
UJ
o
<
a.

c 3 3 3 O o o o 3 3 c o o o c o O 3 3 o c o o O C o c o O o c o c o o o o o © © o o o o o o o © o O o o 0 0
c c o 3 © o © o O © o o o o o C o o O o O o o o o O o o o © © O o 3 o © © o 3 o © o o © © 3 © © 3 © © o o © 0
rg rr *r n a CD © 3 rg >r \S\ o <c tr 3 -- •*NJ m >r IT. >0 ft- 3 cr o —« *g m vr o a a: 3 o rg rn >r on g. UC Cr © — rg m >r m
c o O 3 3 o c* a «— a — — rg rg rg f\j rg rg r* “"j m m x -n rr .T, fO r*> r~ rn vf >r >r nJ >C“ c- >r >r vft vT jn u“ jn j~ m IT.

c >r sT >T g >r g >x V* N* <" c >r >T v* nT >r nJ >* 4- \T sf- 'T T c g" s* V* >r Nj c <r xT nT vT nT vT c >r *r 'T nT >r

o c o O O O o o O C O 3 o CJ o o o o o o o O C C O o 3 © C 3 o n O © 3 c © c c © O © © © 3 o O © © O 0 0a mmt 4 0—> «—

•

_ —

.

—

*

—

*

»-i —

*

—

.

—

-

— c—

*

—-4 —

!

—

*

—4 — —4 —4 —

i

—

i

— —4 —4 —

4

—4 —

4

4—4 •—* —

-

—ft —• a a a a a
o o o c o c o c 3 o CD 3 c o o o o n c“D o o o o o o o 3 o X © o c © o 3 o © o o © O o © c o © © O © o 3 o o © O

U UJ
or LL' ft- on X

* ft- U. -J X a rg —

*

•fr h- »- — UJ < —

j

a ^4
LL < —

i

O UJ X c o o a X m
* o a Z o »— x 3 z © < o sf a a rg

* on 3 « c LJ <3 U- a un a <* < CL a
< LL c. « z cc o * •> un a or, o < — un a a CD
•ft- CL » LL ft- z UJ UJ cc *: X a > X < a z X <

»-* Tr c 3 ft- un X un a -J X X - cr un or o X » a a
* cn z ft- Ul 3 • •— > < -j z X — a a on —4 —

— LJ X ft- t— -J u on 3 DD j » — QL > a 3 3 —4 o W *

> C. X <3 O tL* Z ZL 3 a » » a a a vj- rg
Q * on C. z un d ft- o c a a m. • » CD —

1

Z nj

3 * U-' *3 * 3 • -J X • a z a a - —

—

<3 — u a
d * X c «r 3 » z o X < « a a 3 X - o a —

>

O O a on — o_

a * L- — ft- LL X a l_j - X i— a 3 a Z c 'J' a c
2. < • < UJ Z o - D 3 X 3 «L 3 a 3 O >r —4 —< c a a a

* UJ X X < or 3 0—t z Z ft- — LL —

J

» a a — — 444» O a a
- » C- L- 3 ft- a DC z. ft- 2 • a un •— on X —4 > on •*

— * rg 3 < CD u • - • CL -J X •> a a «• - on Of X a CDm * -J a 3 3 a X ft- 3 rg o“ a QL Z a X un a X a
—

•

* UJ UJ •> “5 • -J fc— V S3 «• O a a < c X O < o a
> ft — Q — m - z a ft- X » 3 d X - > a - a o © SI
< < Cl o CL C cc < ft- a X a a a CL 3 •» 3 <
3 ft c o 3 z ad - D- ft- ft- a X a X C a o «— *— » —4 a a
Q. «• or on L— 3^ 3 on z Z 3 o a —

I

- a CL o o or 3
a ft k— 3 — -j un • a X - a a - —

4

Nj" a on a »
x ft CJ -j LD • z • - < ft- —

j

LL — a • Z — —

«

—4 a X on a
S' UJ jj • m*0 • L- a UJ -J cc 3 z ZL CL < uO —

•

w < 3 un a. a
* cc Q a: rj CL » a ft- un X » » O a t— * Cl a a on a 4-4 Cl a a

—

*

</i ft C- 3 » C z CL 3 CL < un X z a 3 a a a u_. 3 Q © 33 on
rn U- -J a CL z 3 c a CL ft- ^n a X uo a a • a z > > O X < a;— -J z cc X X ac CD X Q z ft- UJ Z X -J 22 CJ un - X < .—

.

a © a LL
> CD c L— O So X -J z X • »— a a - d a — un O » 3 d rg
a < z. * -J • «: z • — X X O a o O >r ^-4 m • X a— L * LJ X a. • * z • ft- LL - a - on a • —r >r — «~4 rj Z gc © CD
•* CL o z e CD •— —

•

X • < z CL ft- un •• o on CL a un —4 c • — a u. CJ a z a
< LJ <3 3 C ft- a. O' <1 Cl un U*J 3 -j on a __ a — 4- —

.

«yn d 3 a X
m > -J • < - z 3 X ft- CL >- —i 3 z 3 X a < < on. —

)

o a < a 33 z a
<• cr L- 2 LL ac o — X ft- un Z C x -J a o 3 un — 3: — a a a < < u w

> IL ft -J 3 Ci SC X z z z d ft— O w Z O on —4 >. O a a
UJ O or •» «- UJ o u X • X » » • - - a a «— © —

»

<J —4 a
ft Z 0L ft Cl O » Z •* Z • •> < ft- - a a • a a a • 3 on a < 3 on un © rg Cl a — • 3 < on
22 on < a X LL — CL on LJ a a i—

i

X - un LJ a a or X © a O O rg ft a — un Z a a
-J UJ r ft <r • cc UJ •— • >- c o > or ft- on u: a a a 7 a un - 3 a ft— > a a a — a

a Cl < ft Z a X •* U- ft- un CJ a — ft- un -J on — © a •— d X — • d a < z C a Q. a Oj
un © C; — *« z -j < z U* x UJ 3 z - 3 ft- 2^ -j X X X a 3 < a a © » O <• a a 3 fO > —4 <— LL < li- cr. un < UJ X M < <r Z Z ft- X un X u -J a a a a on 22 •T — o >r a on C C Z < a a w-

m ~n -J - d < UJ •fr Q 3 SC jr z o ft- X M w O >r —4 X a X a Z ft—

•

W c. CC LL > * •* •* • • » - mJ - • - » • w —* w • —

*

— a » U- <
> > <T < a. 0T .T fi- UJ • » ft- • * < > • - b~ » jr • o X CL on a • a on or —4 w on rr, < a • -O C © >< c

:

a > Z UJ < * 2. UJ L- < c UO CL LU LL’ or ft- r or. a a a o a x c I 3 un 3 4— o'
~r < 0—4 w a vj“ — 4ft rg

c C* 7* —

-

-j — •3- on — <L CL 3 C' u > 5 2 3 ft- a 3 ft- a un oJ Ct. Z rg > Q a a on O 3 a on — O' 27 a a a a a a
x a o" ? •— < CD lL Hr LL — —J w 3 UJ Z ft- on — 3 X c — 3 O' a <L a X L a a — Z LL y d c on — < or cr CD Qj a CD C CD
< C a > 3 < Zl < < u- LL LL o LU •— C C — ft*4 X 3 3 X X TZ X 3 a a > 3 3 CS X a 3 3 L 22 C on .V «L. <r on < c < O <
a z —

1

•— Li- h- — > <*• 3D < c. X — s: -J z Z Z z on ft— ft- — 3 -J a a un < 3 a 2 < a 3 un a •— 22 UJ a *— a a a a Z a Z a
CJ ir a ft a ft z X a a
< U- o -J <T C. <* •— c a •ft ft a a OJ a

X U- a C J> 3 * u: UJ o a c a —
a a u~> •— 23 C * <3 z 3 3 Z z 3 zn 3 Z z Z 3 Z KJ T 3 Z 3 Z z 7 27 > z z 2 X' 3 3 Z 3 3 3 r — z 3 X 3 X Z
< a a 3 LL it: •ft > c C c 3 3 C 3 ' C c 3 c C c» *“ r C 3 C a C c 3 C c •3 3 c c C C C* O .3 C’ ft. •© r? a a < C
> <. i*7

— •— c. c -a- >2 3 «£ v Z 2- r 3 «• 3 -r Z-. X on 3 IT 3 1
~ < 3 r; X X 3 3 % y Li — 3 — — <i X i- z X

rv O ' a > •» mJ Z 3 % 2* X T >. 3 X 2 X X 2 2 3" O 3 : 2 r. 3 X 3
: 3 3 rr a X a • a s > '0- / a X > X

u. a u on < r_ <r a a ft < C o C o 3 c o C c 3 c c 3 v c c 3 3 — 3 O c c — 3 3 3 o •3 a a a 3 a o C 3 3 c c 0
CL a l —

•

Ct x Q. Zl ft c* LJ o o VJ o 3 O o O LJ LJ 3 < LJ «a LJ LJ on a a a a a a a a o a a a UJ a a a a a a C a c a3 C! a U_ LL Z1 •— « LL a > a on on on Q z ft
© a. < Q. * z a X a O a
CL o LL O. * UJ < a un z <

* o
a u a a VJ C C a o O o o LJ a o a a a a a

O' O a rg © un 0 a CT' O' O rg d v* in >0 a cm 3 O _ rg 3 >r IT ^3 a CO © O ^4 rg
>r >r in in in in on n n n in in sC >0 O O UD >c 0 O a a a a a a a a a a cd an CO
0 0 O 0 c 0 0 0 O © 0 0 O © 0 O O 0 O c 3 O O O 0 O © 0 O O © O 0 O O© O 0 0 0 0 O O O © O O O 0 0 O 0 O 0 6 O O O 0 O O O O O O O 0 O O
z 2* Z z z z 3 z Z z z Z z z z Z 3 2 z z 3 Z Z Z z Z Z — Z Z Z Z Z Z Z
un un on on on on on l/l o'. on on on on un un on on on on on un OJ n on on on on on on un on on on on on

C-58



- o
o

* iu
o
<
a

o o o o o o O o o O o o o o o o o O O 0 O O O O 0 O O 0 O O O 0 0 0 O 0 0 0 0 0 0 0 0 O 0 O 0 O O 0 0 O O 0 0
o o o o o o o o o o o o o o c o C O c 0 O 0 O O 0 O O O 0 0 0 O 0 0 0 0 0 c 0 0 O 2 O 0 2 O 0 3 O O 0 0
K. <r> 3* c mm ^N) 2 O •n o f- ‘2 o mm r*"' %T •n X to CD O mm Dj m nT in O X CO c c* —4 !\| 2 >r in 0 2 0: CD O —4 rvj 2 *• 2 0 X CO CD O -4
IT its in o •0 >P •O O kf. -n >0 o h- r^~ fs- P— p— X X X n 03 CC CD X' cc m cr •n CD D CD CD (D D c- iD <D O O O O O c 0 O 0 O —

4

vj- *» O' V* o o 0 O >7 -t >r <r -Z vT vT vT -r >r vD sf >r vT >J- c nJ- nT vT *z >r ** n3“ >T O' <- o- >D 0 O' O* uD S\ in tn • tn tr n iA in m in in
-3 o o n o o o o o o o o o o o o O O 0 O c O O O O 0 O O O O O 0 O O C O O 0 O 0 O O O 0 c 0 0 0 0 O 0 0 0 O— mm mm * 4 mm -4 —4 —4 mm »—

*

—

«

mm mm —

•

mm mm •— mm mm rnm X .—

•

•-m mm mm mm, •-4 —4 4 mm a-4 mm —

1

-H mm, —4 —

<

-4 —4 mm —4 —4 -4 —

1

-4 4 -4
a y* c r> o o c o o o a o o o O 0 0 0 0 O 0 O O O 0 0 O O O 0 O O 0 O 0 0 O CJ O O c O 0 0 O 0 0 O 0 0 0

«, -ta. 2 >
X*

o o —

*

0 0 «-ta • cr
CD cn 0 in in 0 O 2 Xw W CD cc > 2 O ta— X
in <n V X X W 2 >

LU mJ -j in X 0 > in •ta- -ta y »
o UJ X =J mJ K 0 X —

*

in in 2 5 —

»

>
o c X X X 2 —

»

M — 0 0 — 0 2 in «- — 3 2 <
2 - 0s - X cr X X O m • tn 0 0 O 0 O C a > 2 X — c*

O < o X r O > >0 m m 2 O 2 O X 2 X w > 2
< m » m X 0 0 w X* X 2 w —

*

— w 2 W. 2 X -«> -ta X > • —4 <
-4 c -J • —V -J X X in in CL cr. X in O O m w —

>

2 ta- X O O c r\j -ta > X— c UJ 2 —

*

o >: • 0 m m > in <? w m O O m rC 0 in in X O tn or cr 2 X2 *- —

»

k— X o Mk CD -j X > m X X m 2 2 O 0 2 in X m 2 <M < CL ta- X ta

L— in c LJ — 2 0 •• c X 2 X in X w w in X 2 X CD 2 ta- ta- T* > 0 —

«

23 o • X m CD <\J CD -j 2 X > • *

—

2 in *r X 2 w n C3 < O’ in- in X X 2Q LL o •- in mJ » w W w *-• X » 2 IT X X n 2 X 2 CD O X X X in m —ta X ». w
L— X o- a L- -j oO m in tn m X in •D X 2 X oe in 2 X x 2 •• cr 0
x mm mJ C

0

o X X x mJ -J in X •» > 2 Oi X •» X X » • X • » < c- x -ta 0— 0 2 Cj
• UJ ta— o UJ o c X 2 X 2 2 < •— X <1 > -• X • —

•

X > m x > 2 X - <n— 2 2 w w— X 2 O -J X 0 X 0 0 • »• O O 2 0 O CC X «— > —
o 2 X * LU in »— a X O X 2 —

*

>r -• X 0 —«. —

*

O O O 0 O ta • CL X > • X 2
o O CD —

*

KJ -j —

-

2 X > O — in c * in rD 0 O 2 2 » 2 O 2 —ta X < mm -4» UJ X
—4 x U m « X • o • U_ O in > >£ —

»

cn W 2 O w w — 2.
w 0 O O 2 «: CL 2 CD

—

*

W -J r- cr X —

»

CD — • •* «n «n X > Cl C 2 in rn 2 in CL O in w in 0 2 un X < Cl W »»

2 l0 LL w LJ o —

*

0 cn m 2 m cr > in <1 m in w 2 x n in in 2 2 <\j 3 > » —4
o x 2 Q- > CD m O' O' x —

1

X «—

•

> — X > —

•

X in 2 cl 23 2 X in ;D ta- ta— ta- X X X —4 2
2 O a mJ < »» mm) w> 23 a 2 < 2 Q X X m X X in 2 2 2 w it X in X in X 2 ta-

O > «—

«

—

*

n cr — in X 0 in •C > fc- a X X X in X 2 CD CL X cc in 2 X in 2 2 in 2 » < — LTx < X m ct a O -J CD mJ X X X » X > < X X x I • c* X X tn LL CD X in a *— 0 > <
c r- x LJ < O' LJ H- W ti- «* •» in 2 CL X in X in in _£ X X > 2 X 03 <n

x UJ o e c c m er. •> 2 X m > D m » » in X •• » X X < 2 cr X — X ta-

X in o- 1 X lo -j •— X > 2 * m 4— y 2 —

.

in X X X > • X 2W *— — • -J -J X • «j 0 «n O C —

.

X O O 0 O 2 0 —

.

O ». 4— 2 C O -ta Cl X
X O LL in X* z <r» —

•

m CD <n CL X > X O * 2 D> O 0 O m. • c *3 2 -ta X X > 0
L/*) X O O 2 n - jr CD • o 2 O < W 2 X X X X O «•» O *jJ m 2 -n 2 X .

—

.2 2 2 0 O m 2 < X • » ».

—

«

x 2 -J o LJ —

*

c* C' *— m •— CD cr X w O >c > w w w O — 2 O O «n m X ta- c 2 -ta —ta

ta- «— a X w LL •— LL' o •»> •» w mJ < 2 < m in X' w n m in in • O n n 2 2 X X X ta X «— 2 2X 2 LU X X •—

*

LO CD m in m » iZ zc M » in > w in n in in <n in in 2 m in n ta- ta— y zz 13 —

»

X — ta-

»— x X y mJ LJ mJ W -j in mJ m 2 X 2 CL > a in > 2 X X X 2 in w X in CL X 2 «u X O in 2 ta a > >
X rn 2* X U-: o •—

•

PL X O in X -J y -j in c 0 X X > X < x C CC X .2:
V O 2 2 ta- cr X «- -ta y < O

•— LL' T> J- LL # -J CD -j mJ X 0 X X X > >r O 2 * y X’ y X X X x U_ T *— X 2. » x > 2 < X XX —

J

X 2 —ta LL — — X < a X X 2 < 2 X C X X X X X r> to m CL 3 in 2 CD X ta— 3 X O
LL CD u LU «— in O •» X x » X X in X X > 2 X 2 X X in in —

.

< X > X 0 ta4

X «T * > in a c o mi o m CL >D 2 > » in •— * • • » •• •> » IX X < •— < O OX “* — —

*

a: • u LJ LL- «—

1

-J • • O X X X X <3 • • X «» • —

»

— -ta ta ta X X Cl a. > ta

X o cr o o mJ —

»

L0 m LJ • —

•

-j —

*

CD 03 0 •» 2 «— CD —

*

O O 0 O —

k

—

.

O 0 0 -ta 2 < X in » CD -ta -ta »
O' < o- m -ta o 2 n LL X — UJ o-» o 0 0 * X *— —

*

0 'O •« O » —*. O O O 0 C 0 O O 0 O 0 O < X Ul > -ta O >r O' -ta

z ld > UJ —* X r- e mJ o mJ •• o CD * CD CD r\J I? 0 CD X —

»

O O O n in m 2 2 2 0 O 2 2 2 2* <2 — > X 2 X • » 2X •— — c a mJ « LJ X —

»

O' W —

*

w W *— ZL X in w in 0 w c 'L' w u* w w w W 2 2 -ta- ta- ta- 2 2 ta a c. X 2 2 W— c LL 2 O 2 2 X yr ir O O w in O in in m m TL m 'T in w in X in in 2 2 w in in in ta- ta- <1 cr m < a > • w >x rr c X 2 x X w -j •— o •—

«

CD m x CD mJ n x > -J > X X X w > m m in CD in tn n in in n- in m in 2 in > 2 X in ta-. X > X -ta X > 0X LL c- O m X >— or • W Q. —« -J X — > -J X c

c

2 cr T CD X <n 71 > > < X cr 2 y m X X X > in X 2 X X X 2 X XZ < 2 > LJ X X o — o X < in X X m or ct. CD 2 X 2 <1 > 2 2 X X — a T CJ x 5. X CL X c X cr X C X 2 < CL <a «— <L J— <
yi a < •— -J X m c.- c —

J

> _j LL L» —i O 3 X X ar X fr cr zz C5 X <1 2 O a X T X in X 2 LU J X O 2 y X y X > > X X > O C —
•J x X X ? a LL c X > cn < o o X Q in X 2 X 2 c\j X in < X 2 a > < C X X X T 2 O m tn X X X •x X — X X <L < X X c

•ta < X mJ mJ - X X > 2 X or. XO 2 cc. u L- z X 2 X 2 O m X
•-* < > o •— 2 LU C O O X X CL X X
> z V C 2 2 •—

1

2 y UJ 2 X 2 2 2 2 2 2 2 Uj 2 X O 2 2 2 2 2 2 2 2 2 2 2 2 2 71 2 71 2 2 in 71 3 2 in 2 X 2 z 2 2 2< c > 2 X C o X C-* o O X C c r C O tn C in X C*! X CD C n C C UJ O C C x C? C O c C 2 2r y y in 3 3 C > 2 3 C a OZ - LD i r X 5 < X 2 •— LU X X J. X X X y > in 2 < 2 y y 2 2 7 . j * 2 >. T 2 2 2 r y 3 y 2 X 2 2 ;* 2 2 2
> 4-' c j. at 2. y > y > X y in X n ? y y > y X y X -j 2 X 2 y 2 2 y LT 2 y y 2 y z 2 y r 5: y m y U- 2 X r > 2 2 y > yC c n u -J X b C C O o o c O O 0 O 2 C 2 2 C *~ c. C C O C X’ cz 2 C x c c a C c 0 C 3 y O a < C O c c bc X r* x X x c. LJ c X LJ LU LJ LJ LJ LJ LJ X' LJ *— X) *—• X O x X O LJ O X' in X X X X X X X X X X X X X •I X Uj X 3: X X X X X
er LJ x ta— o a X 2 «J mJ «» 2 03 2 X 2 CD
LU X o LU X X Q r>< H- mJ < < -J > m X fsi m

X x o o u o o U U O O O 0 X X X X

2 O' in 0 P*- 03 <D O -4 <N 2 O in >0 cn CD O -4 fN 2 O Ul >c cc CD O —4 rg 2 O m sC D- 2 CD O
CO CO CD co 00 00 co CD CD CD CD CD O' CD CD CD CD O O O O O 0 0 O 0 O -4 -4 —4 -4 —4 _4 _i CNO O 0 O 0 0 O O O O O O 0 O O O O mm -4 mm mm -4 -4 —4 mm -4 •4 — —4 -4 —4 mm mm ^_4 —

w

*4O O O 0 0 0 O O O O O O 0 O O O O 0 O 0 0 O O O O 0 O O O O O c 0 0 0 O O O
2 2 2 2 2 z 2 2 2 2 2 2 z 2 2 2 2 2 2 2 2 2 2 2 2 2 -• 2 2 2 2 2 2 2 2 2 2 2
in in in in m in in in in in in in 00 m in in in in in in n m in in in in m in in «n 2 in tn in m in n m

** ta4 ^4 *4 — *— 4 — - ta— •4 *— ta- — •— *-4 — •— ta4 — — ta— — —4 •— •—«

C-59



JO
o
o
IDo
<
a

c O o o o O o o o O o o o o a o o c o O o O O O O O o o o c o O O o o o c o o o O o o o o o O o o o o o O o
c o Z* 3 o o o c o O o o c 3 o o o o O c o 3 C o o O o z o o o o C o c c o o O z o o c o o o O X o o z O o o
rj no c jr >c 3 c. 12s X —* CNj no uo O cr cr o «-4 rvj no >r JO f3 CO C o —

•

<\l no >r JO vC CO cr o — nj ro "T Jo o n- CD cr o <oj no JO

3 r— —

«

—4 3 3 —4 3 r\j <OJ Cw rvi fM <oj OJ nj <\i <Oj no no rO n> rn ro no **0 rO m >r >r » >r vT c JO JO JO JO JO jo J' -T JO lT o to. j: o >T >0

ir -0 JO JO IT to
'

.

JO a uo JO wT J0 JO JO JO J0 JO JO J^ J" L* IT LO u" uO .0 uO J0 JO JO uO u0 JO JO J“ J' u J" uo X JO u> JO L0 J' JO JO i/ • JO JO JO JO O’ -r

o o o O o O o O O c o a o o O C o O 3 C 3 3 O o O o o O o O C O z c o o c o C a O c o O o o O c o o C z o3 »—• 3 ox 3 —

<

3 3 —"4 —

•

mmt —

*

—i —

j

—• —

<

—

!

— —4 — _! •—i _• —4 — —4 #—

4

*~4 —

-

3 —4 — to- — 3 3 3 3 3 3 3 3 3
c o o o o o o o o o o O o O o o o O O o o O c o o c c o c o c o o o O o o o o X 3 o O o O O o ro r^» o o o o

#* <• O V.
—-* o J0 JO 3 «— Sk

no no o to Vk 3 Nv
to- 3 •«» no A Cr 3 to < rsj

> no > w > — • JO X -J <J

UJ <*— o > 3 or 1
- 3 to 2 *

> Q. > o or w -o*
1

to « • X >r.

o 3 or o > *- 3 3 o 1 -to rsj 3 <
< —

i

X ro < uo LL 3 1
X. • 3 UO r*

LJ 00 e. — < 3 o •- c w » to
1 to- X 3 3

h. «“*• —*» » > 3 no no 3 2 1
JO to * 3 •

21 no —

*

>0 > 3> » w 2 z X 3 to to w * Z X— w U- Cl 3 • > > LL 3 3 CC to to JO X UJ uo
• <*0 -*» >. K cr o. c > or z X o X z X 2 to • z rj— — no no or H* or > UO 3 o X » •» 3 z -r X JO o O • 2 \
ro > — 3 or 3 L- as » 3 c? rr zz 3 'T >r < to^ *— v^- 3 CJ X

U-' 3 k— •— z — 2 w 3 —

*

>r • •* — 3 3 JO CL X
> cc Q_ •• 2L n- O0 3 O 9- > o W w « 3 > 3 < "X 3 3 N3 X CO —«* -J 2 V- 3 no * 3 » no 3 3 CL 3 > V. CL to » > (OJ

CL UO UJ no — X w > o lO > w a 3 o < X 3 to X) X • 2 <
Z 0- w X » U- » > 3 ro M v^) > *— o Z Z Z • 2 to X LLi •

Z • T 2C CL X —

*

c? o »— lO 2 3 <oj no X X X 3 a to • >r
•> rg a o z a. JO Q Cl > OL i <S) Z 2 3 nT >T o O >2 to > <

» no — 3 o o cc X * or Z O 3 < LL 3 X •» •• < 3) C nT < 3
> w no W or — * >0 LL' —4 C < • 3 z > 2 3 JO 3
a LJ — •* n- — 3l .—

.

•* o X •• a. *-* X » « o 2 2 • 3 to 3 CD •

c o 3 — or Z CL o 3 <oj > a; O —

»

—

%

— 3 < 3 » 2 • "v r X
O < XJ no Z -j cr • 3 — • O -o c >r oT 3 z •y. X 3 X • UO JO
Z li UJ — * >— c ru »•> > > ro W w X X cr z to X • rvj

c: 0". > 3 > 5 o W 3 o 3 > O 3 3 • CL *r •• 2 •» » •
oo or. X 3 cc -J rvj LL —

•

no M — 3 > ro LL 3 3 o » * to eg o 3 • o X
> • CL X C 3 b— OO 3 W o 3 3 w — c X 2 no CL 3 o <1 3 vr. <oj >r X
a • 3 X » 2 2 X uo X 3 i. z > no 3 3 > cni U0 2 a: 2 3 • 3 3 3 3 Xo no —

>

2* < — < H- z 3 UO < > > — 2T 3 3 Z 2 3 UO z UO 3 X 3 > to 3 V. X
*- w ro 3 z vC •> L- o 3 3 cr

~y 3 > o < a 3 z 3 uo 3 “3 z < U « » •
*—

>

> — 3 w —

*

c. a or < » 3 < 3 3 • 3 c. z * C X X z 3 c X «> X to

z ro Z •* n- X o0 •j — Z o 3 —

*

» 3 • —

*

z Z >r >r sT 3 • X —

k

2
CJ 3 —

*

oo •* cr H— C w- CL •O 3 » or 3 3 •• —

»

— —

-

X •• •> to • 3 •> » to c
* —

*

iX LL no uL X C* or * «C < i— 3 ro — • >r >r w o CL U0 » X _» m to X
> no ZL W —

J

w - or j -J > w O o — — w o cc > o U0 3 to 2
Cj —

"

• O0 > — or h- “0 o o • *• > no o 3 3 W

.

or o <M ZL 3 z 3 JO w o
c: > —« 2' < a c w • 3 <oj X +m. Z w ro CL LL 3 UO 3 2 w < • • < 3 >0 to-

CL 3 • LL — C' -— -J 3 rsj 3 w > IL o 3 > — 3 3 z 3 z Z » U0 z X —
to CL • 3

O L_ — — o or. • > >o *— Z > 3' 3 X ro uO 3 > z U. — 3 uO 3 2 e >r >r <r uO 3 • to o <
Dl c -l .«o to— < — V— — a a OO r\i uO «u c 3 3 3 w LT 3 X LL 3 z 3 3 2 Z « • 3 -to • X X o -J
u r .• — 2 > X cr or > — LL u- ? »- 2. 3 •— > a' <r z 3 3 < x w e z 3 U* (V to • * 3 Z1

CL U- rsj z> a: oo n- a: -J oo 3 Cl or < < 3 O 3 < •* <£C > 2 • • JO — to to 2
> r a to *- 3 *— L- oO CL £ 2) — <J 3 »

^

M O • 3 —

»

*» • or UO oc < < 3 to o J"' —
<* •> UO 3 oo L. y. Z UJ 3 3 < uo or 3 o or • < e w <i o uo o ”0 z uO X 3 3 to JO to UO
o — • no —J LL -j .J Z •— LL or < C o o no —* > o 3 W* X z CO 3 » X 3 X to

2 rr —

*

• < • 2D • c 3 • > O no x — *— «— w >r — 3 3 * c >• \ to >r to- no X to to

O W n~ —

*

> 3 •• w V— >- • < •* c. CL -o «-> w o > UO — 3 — X w IS! 3 CO 2 2 • to 3 rj — » to w (XIr > w no LL x X cc •—

•

nr > LT, - 3 2 w > <N» 3 no 3 U- 3 3 < 3 — z <r 2 W 2 «T < rj X -- -to • 3 JO
2*. —«• 2' LL X L- O’ 3 (3 *— c z 2l — > 3 > O w > 3 X — 3 z z rr -* •— 3 >v 3 CO • >r to X to 3

* c 3 3 <- un OO CL < I CL 3 LL — X < CL 3 uO o > < C£ z >T V. 3 3 3 3 a Z 3 a. * 'T C • X to 3 to

> u UJ CL 3 LL LL X > g< — c < LL or ZL _ — 3 U C 3 2 •— 3 3 c < 3 UO 3 uO r 3 <1 >r 3 to JO
— a LL O0 V- cc L- u ti 2 •— c 2 CL 3 < c 2 o 3 3 •— 3 3 3 3 z u 2 > o 3 X z z X 3 c X w JO 3 Xu C oc. n- — a <r <1 ZZ 3 Cj vj V- — 3 2 cr 3 3 * to. 3

LL < UJ u 3 < 3 CL 2 3' 2
3 X UJ n- < > X < X 3 CJ to- z u. X o • —

k

Z 3 z 3 3 < Z or 2 u z 2 oo 3 3 • - 2 2 Z 2 3 3 z 2 z z z X 2 c 2 <1 y rr o a* 3 3 3 3 3 no 3 X 3
c 3 3 C‘ _ -J c- < C — 3 r c> <y O c 3 C c 3 3 H c LL' C z c > z o X rr r > 2 r> 3 «T < C » <
I* 3 > 7* 3 CL >. > r < T. z V y >: — r z 2 7" V 3 CL 3 2 z c r z o z *- c C < c V y Z z >: —

«

JD X.
>. V I

** 3 Cr. y 3 Cl y *» o Z z 3 3 3 3 z z V 3 > Z v z < Z z y r z 3 X T T 2 2 a- rr 3 • • >c CCQ c 2 c

:

3 LL O LL c UO c Ci < X c CL X <r 3 c C c c a 3 c a c 3 o 3 n 3 c 6 >r >r >r c c O O c X X to • o •

LL 2 V.* u U c 2> L- LJ *— o o a O <3 X 3) CL 3 o 3 3 3 3 3 3 3' 3 u or «3 z u 3 c 3 3 3 3 3 • to CC z 2 '

*- X c n- 3 3 2 t-O 3 ng no 3 Csl no
3 o CL < z < oc

CSC o LL X a 2
o o O o o o

UJ o o o o 3> 3 o 3) O u o C c 3 toU roj m >r s\ >0

3 nj no ** JO 3 an a> O 3 <XI no JO JO 3 CD C" o 3 (XI no <r JO >c 3 CD O' o —J rg
•XJ Oj l\4 nj (0J rj eg rvj rg no no no no no no no no no no *r -r Nf JO JO JO3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 —

—

—m 3 3 3 3 3 3 3 •— —^ 3 —4
o o O o c O o o o O O O o o o o O o o o O o o O O o o o o o o o
2 z Z z 2 2 2 2 2 2 2 z 2 2 z 2 2 2 2 2 2 2 z 2 2 2 2 2» 2 2 2 z
uo UO U0 uO uo UO UO U0 UO UO UO uo uo uo uo UO UO UO UO UO UO UO UO UO UO UO uo uo UO UO UO UO

C-60



o o o o o O o O o o o O o o O o o c o o o o o O o o O o o o o o o o o x X 3 O c o o o c o o 3 o o o c o o
o o o o o o O o o o o o o o o o o o o o o o o o o O O o o ro o o 3 o o 3 3 o 3 O 3 3 3 o b 3 3 O O 3 o o o 3 o
a CC 3 o aa Oj m un o r*- o o o aJ rsj m vT LO >o a X3 G* o —4 fsj m on o K- c? T o 4-4 OJ m vr X <,• rG X o a-4 OJ m X O a CO cu* 3 -4

x X.' X a - a r-“ r- r^» X 1} cr. or cr> 3- X X 2 cr X L- cr cr <r o L> r* o c c rn vn o 3 3 O 3 — a- —4 —4 4-4 4— a 4* (M OJ

X X ir IT VO Lf X jn LT vO o LO jn VO wn vO. on VO L^ o on Lf' vT. ir jn on u" j*. wO X X. X c >c *4' U; C C- 2» u o o c c o O xC <. O
o o o O 3 o o c X O o O O c O X c O x o r5 o o o o o o o o o o o o o rn 3 X 3 3 3 3 C 3 3 3 3 o O 3 o 3 o o o

_a aa «_< a-4 .—

1

mm4 r-4 —< —< ^4 _« — a* —4 aa •-4 —4 —4 •-< *4 —4 —1 aa —4 •a aa —a —4 aa — a a- 4^ —4 44 —4 —4 4^

c o o o c o o o c o x n o x o o o o o o o o o o o o o o o CJ o CJ 3 c o O 3 3 o c O 3 c o 3 o o (7 c o o o o o o
CC » L- •. • a a r >: O o c on aa x
LL' « * • * » on VO vO < LU x <rc CD CD <• a o -a*

* 2 VO VO an on •— •— a or a X a a a CL on — a
V_J a: M •-• a a • a • a >• UJ a X —* aa

2 O » • •> o o o >- cc UJ a a a OJ > 2 aa a X
M > o c O o CO X X a -j > z z z • a -J X LU
QL CC cr as X a a a a x *— c c o a a X' r •— 44 a

CC - f- L- L— a a • o cc a •— a-. a- o o 3. Of a o
LL’ •—

1
<r a - a O' c- a- c o 21 CO

• 7 • * » a T 7 7 s: a -J CL c. CL a u X LL CC a or a -a

on 2 2 z x o b x UJ UJ a CJ X a a a a X o a X
» a c c o •— •— a- X 3: or X X • a a- a a aa

aa aa O *T *— •—1 •—

I

•— a a a a a a z z z *— *— X m a —

•

a a X a

V on or 44% y~ — L- b~ a Cl c. a a a c x X a a aa -a. a 4—4 X X o a a o
v. * Q o • CL CL CL a o c o o c o a a- o X vT-. a 4"J V *— GO m 2 on

x < > < c a u u X c* O' a a a no cr a- a- o V— X a a c a
* —a C- a 2 z z a a a <r < < a — a a 3 • aa a-« 2s a 4-4 »SJ a

>0 a • : «X LU LU LL’ LU o x o a a • X X X a a o 3 h> X X a CO a a a
•- X • LU a o LU LU LJ — *— a VO vO on -J -J -J • a CC X a aa a- LU a X a -J z
» < o- 2 2 2 2 2 a a a M a- •—

«

< < < 2 2 4- a X X • a J_ a 1— X -a (J x
>r oj 3 «. _> < < < < < < < a a • > > > X CJ • • a- aa 3 3 X a LU — X. cr a-

< » — * c >. 3. 2l —

/

-J -j o c o LU LU UJ aa •- a a a a oc cc X 2 aa a aa a a
OJ X • a CC or O. ar a x X x co CD CD a a 2 on 3 o a a (— 2 x X- o a 2 a
* m o. O' LU U’ U U u >; z X a a a c C O CL c. vJ Cl cc cc • a X x — 3 o o c
X •* a 2 LL LL LL u. M •— a- a •* a < 2 2 X L- aa r- a a a a < a- X, X a =0 O
m . • • LL’ a. cr CC a on on on a a a o c c U- CL • a X o*. — u a- c a U c 4—
— on

l o LU LL LU LU 2 2 z —I -U a a CL cr a . — 2 X X LJ a a GC a a -J x a
» a » CL 0. CL a > > > x a o z 2 vJ LU X X 2 x —4 2 3 2 a X a < 4- 2
on X > LU a a a M *-• a- -J -J aJ aa aa a a *— a-. 2 a X cc u. a a X a- -J u
or m • LJ z 2 2 2 a-* a- a- a a a o Q V— cr or a 2 X a 3. a X o 3 a x a a u. 2 -J a-.

i a o w. •—• Q o e CL CL CL or cr CL X Cu X o or T (J LJ cc a X CL a — a
* a 2 2 < < < —

»

<L M a M X *-J aJ a a a a aa a. or LJ lu *— a x a > 1 x > >: i- <
a m U-’ •— c or cr 0L • q: 2 X 2 z z z > > L— a u_ LU X X 2 a LU X c a Of a z o z— a *- h- - V

—

X X X > > > CJ o U cr Cr. X 2 -J - x X <c > x 2 aa

x • < •• *- • m • o a —

»

X X 22 < < < o o LU < 2 a L— a LL u aa X LJ < X a z 2 cr ax z
•—

«

• a on < » • UJ • • -J aJ —

>

2 3- x* x X 2 C k— •L, 2 a a •— — a- or
• o UJ < LJ o o O L- o aa 'v V* CL a CL -J -J -J X 3: > V D. Ql aa V 3 2 c: X x < 2 > s —

*

a
• a -j •— r^n m n x f*' a on on on <r < 2 X x cr -a 2 2 —1 cr. U X cr c z 2 Cl cr X c a a
LU LU Cl c LL L— H- L- a. X a a LU aa a-» w a a a on X. <j on aa aa a > x X Cl X- LL a a a x X
1 X • X — s N 2 'v a cr or cr C c Q z z z a LL i' a- X 7Z.

•— •—

i

• o CL • • » c • z X X X LL UJ LU * *r z LU UJ UJ o y LL LL !

:

X a LL a a a a. a* o
—

*

U- — an c LU LU LU o o LJ — a a a > > > X 2 2 u j -J x (7} 3 a O X O CJ L? X c. -j aa
5“ > < < <4^ a a a 7 z aa aa err or 2 c X a

'v z 2 >— o • • a or cr a •—

»

*— •— o c o on X LU' 2 *4 < UJ or or cr a. 2 cr CL or or a 2 <
o o S 2 a 3: r 3. “3 31 a a Uj 2 Q c c CL a CL -J J J -5 cr -J LL U.J LU c—

j

u. LU a a a X a- a
V. •—

•

*— V. <r — x rr rc LU cr a a CL c. c w-, M a- aa a- L- C. x X X :> 2 3 cr 3 cr cr- cr 3 cr 3 2 x
• on CO • • c u L_ JL u a 5L 3. 3 a- 2_ JL i_ 0> -> > < 2 0- u U X K- 1 Jl i. 2. i_ >. 2_ Cl 7Z < 2

Oj u. LU •4 LL' x 2 LL LL LL a a a LL a X X X z 2 2 LU LL x u -J —i 2 C n x -n < a aa
<1 C. o < c o • • • L- • a a a a < X X X LU u> Lu a x x on 2 < 2 a a 2 2 X 2 2 zz 2 2 2 a 2 X
• • » CO < • • • < • < a a a or a » a a a a a CL • a a • a a a a • a a a a a a a a a a a

•» •» • X 04 ro C^. cr. LJ cn a a a • x a a a • a a a x a '• a a • a c • a • a a 4 a a a • a a •

< X X X o lO *-« X X c c o n o o o c o* o O o o o c "7 c c rr 3 c o o 3 3 3 3 m 3 c 3 3a o 9 o • X •sT —

%

w m rr. < m r«n m o^ m 4— m x m. m. m m n a m rr. m m a *n m **• m 3 m 3
—* m m x • x H* U- H- • >— L- a a a a a a a 2 • *—

1
a k— - a- a a u> 4- r- a a a a a a a a a a

• • • • a —

.

• «. —

»

» - • L~ • a a • a a LU a a a a Cl a on a LL a • a a • « 3 • a a • a a a a a • » - /•
X U' on o O • o C — o •—

•

D c O o CO o c > rj u. o LL £T o x x o 3 x 3 o 3 3 3 3 o o O 3 4-

LO X X X L— CL X X O’- x L' i LJ I uU X on x —

*

x 1 x x X x ru X > x Co X x
IV —

*

• LL —

•

on — —

«

•—

•

a^ < a* • •-4 —4 a ** —4 • —4 • a- a »4 aa aJ —4 — 4- —4 4^ —• a- •— —4 —

•

— -* — —

«

w w a- w X. > '— < W —

f

W- -J w -J w a w U3 on w w LU a w a a a aa a aa w a« W aa aa w aa —

-

w a» —• a- — aa w -4 — x*>

» • CL Cl a a 3- a Lu cr —

H

CJ o o
V- a •— a • » > L— L— X X a r. a > a > a a X a a a cr a C" a O' L— a a a L- L- a a- a a 4- a a a a a a a a a
*• c <3 • a <r < Lh <- < L < u. <r a <n • < a <5 a < > 2 u- 2 a «: a- 2 < 2 < < 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
2 i' T r- U_ 3 3. •• r •> 3 • ?. • • > a 3 a —

»

3. < r a 5 a J a a z_ v x. y X 2 v 7 j 3 i' 5 V X y m X
3 “i cr C LL a a cr CL » a •> O » cc o x rc n • G cr a- LE Ln Ci. x. 0 X 4Xl

—* Or 4
V n 0. Cl Q *1 tU a cr or O' O cr D a rr rr

C c. c c o •* X* c o n O o o X o o O' c o x r a rr C‘ LU o c x a- c a- X aa c a x c x X c 4a c c Cj x X c c 3 o X c 3 a c
LL U. u. LL I •x. LL LL O' u. a LL a LT Ll a a a LU a LL — a CL LL a- LL a LL a u. a LL on a U. u. LU a a LU U. u VL LL U LL a a a a a a a

oj ^4 a ^4 a4 aa

O o o O o o c o o o O o o o c O o o o o O o o X 3 3 3 3 3 o O 3 o o o
O o o o (Nl m >T VO >c a CT O' c *4 CM m X o ra CO C7* o a-4 OJ m M- X >C a CD O' O —4 Oj m X

CD 3 •—4 —* —

*

a4 CM CM OJ OJ OJ OJ o* CM OJ OJ m m m m m m m m m m X 2*

>r

m ** X O f— CC 3 O -4 OJ m X h- on 3 3 44 OJ m >r X >o a CD 3 3 a OJ m <4* X X cr. 3 OX X X X X X X >o o <o >o O >c o >0 a a r*a a a a a a a a X X X tn CO X X CO cn X 3
4—4 a* 44 44 —4 44 aa a a 44 a a a a a -4 aa 4—4 a aa -a a-4 a4 a-4 -a aa a-4 -a aa w— -a aa aa aa _« aa
o o o o o o o o O o o O O O o O o 3 o 3 W o o o o O o o o O o 3 o c o o o o
2 2 2 z 2 2 2T 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 - 2 7 2 2 2 2 z 2X X X i/i X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

C-61



V. Revision No. 5

November 18, 1976

SUBWAY ENVIRONMENT SIMULATION (SES) COMPUTER PROGRAM

REVISION NO. 5 TO VERSION 2

Problem

Items to be printed as part of the optional supplementary output

did not print correctly.

Symptoms

The use of supplementary output option number one should cause

the output of additional items in the Environmental Control System Load

Estimates. Among these items should be the directional components of

the sensible and latent convective loads for each subsegment. The program

has been printing asterisks for these items.

Correction

See the attached partial listing of Subroutine ACEST2 . The three

lines to be corrected are indicated by a "C."

Effect on Previous Results

This problem did not affect the calculation or output of

any other items.
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VI. Revision No. 6

November 18, 1976

SUBWAY ENVIRONMENT SIMULATION (SES) COMPUTER PROGRAM

REVISION NO. 6 TO VERSION 2

Problem

A superannuated title appeared in the output.

Symptoms

The development of the SES computer program was sponsored by

the Transit Development Corporation through a grant from UMTA and contri-

butions made by the various operating properties. It is now being

sponsored by the Department of Transportation/Transportation Systems

Center. The program titling did not indicate this new sponsorship.

Correction

See the attached partial listing of Subroutine INPUT. The six

lines to be corrected are indicated by a "C."

Effect on Previous Results

This problem did not affect the calculation or output of any

other items.
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VII. Revision No. 7

November 18, 1976

SUBWAY ENVIRONMENT SIMULATION (SES) COMPUTER PROGRAM

REVISION NO. 7 TO VERSION 2

Problem

Program response following the diagnosis of a fatal error in an

input data set was occasionally wrong.

Symptoms

Following the diagnosis of a fatal error in an input data deck,

the program searches for either a blank card (program termination) or

a card with two slashes in card columns 71 through 78 (beginning of

a new data set) . This process occasionally ended with the program

mistakenly determining that a non-blank card had two slashes in card

columns 71 through 78. The resulting program output would then show

the beginning of the input verification of a non-existent data deck

followed by more fatal errors, etc.

Correction

See the attached partial listing of the Mainline Program DSES.

The four lines to be corrected are indicated by a "C."

Effect on Previous Results

This problem did not affect the calculation or output of any

items. Future input verifications terminated by a fatal error will

tend to be less voluminous.
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VIII. Revision No, 8

January 21, 1977

SUBWAY ENVIRONMENT SIMULATION (SES) COMPUTER PROGRAM

REVISION NO. 8 TO VERSION 2

Problem

The air pressure change in a line segment, which contributes to

both the airflows and the train drag, was sometimes being computed incorrectly.

The error occurred in line segments that were in line sections having more

than one line segment. It did not occur in the last line segment of a line

section. The error only could occur for a line segment if its line section

had trains in it. For these possibilities the error consisted of the pre-

vious value for the change in air pressure over the end of a train being

added at the end of a line segment when a zero value should have been added.

Symptoms

The airflows computed by the first step of the aerodynamic subprogram,

which is at simulation time 0.0 seconds, were very large: about 10^5 CFM.

This caused a program halt during the second step of the program, which

for the problem under consideration, occurrred at simulation time 0.1 seconds.

This failure occurred because the "previous value" mentioned above had

an extremely large value at 0.0 seconds since it had not yet been set to

a value by the program. Most input data files had caused the program to

set the value before attempting to use it, thus eliminating the symptom

but not tne problem.

Correction

See the attached partial listings of Subroutines INPUT and 0MEGA2

.

Changed lines are indicated by a "C."
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Effect on Previous Results

This problem is system dependent. It is recommended that the user

check the impact on his previous results by rerunning one or more data

sets whose aerodynamic parameters are typical for his system.
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IX. Revision No. 9

April 14, 1977

SUBWAY ENVIRONMENT SIMULATION (SES) COMPUTER PROGRAM

REVISION NO. 9 TO VERSION 2

Problem

A precision problem occurred in Subroutine TRAIN.

Symptoms

The train performance subprogram subroutines TRAIN and LOCATE

monitor and control the passage of a subway train through the system.

For the rare circumstance described herein, the train performance subroutines

could not properly monitor the location of a train and therefore could not

control it. The data set that uncovered the problem had a train initialized

at a system location where trains stopped. This initialization data was

input in accordance with Input Form 10. After the remaining dwell time was

exhausted, the train was dispatched. The train should have had an initial

acceleration of 3 mph/sec, reached a constant speed of 55 mph and braked
for the next stop along the route. Instead, the train accelerated at

2 mph/sec until it exited the system at over 100 mph. The direct cause

of this was that the distance the train was to move during the first
time increment after the train was dispatched was 1/4, 000, 000th of the

location of the train along the route. It is beyond the single precision
capability of IBM 370 computers to properly add or subtract numbers of this

range in magnitude, the result being that the number of larger magnitude
is taken as the answer. Therefore, the train performance subprogram
could not determine that the train had moved beyond the stopping location
and attempted to make the train brake for it. It was then in the compu-
tational sequence that the second problem occurred. The train was assigned
an acceleration of 2 mph/sec instead of a deceleration of 2 mph/sec with
the indicators set by Subroutine TRAIN stating the train was braking.

Correction

See attached partial listings of Subroutines INPUT, LOCATE, and
TRAIN. The four lines to be corrected are indicated by a "C." The change
in Subroutine INPUT updated the program output to state "Version 2.09."

The change in Subroutine LOCATE eliminated the precision problem. The
changes in Subroutine TRAIN eliminated the possibility of the train
deceleration being given the wrong sign.

Effect on Previous Results

The nature of this problem was such that the train performance
subprogram either monitored an initialized train properly or permitted
a train to constantly accelerate until it exited the system. The
occurrence of this problem may be readily noted by observing the train
operations. This problem required a very rare comoination of circumstances.

0115



It could only occur if the time at which the train was dispatched was
an integer multiple of the complete train evaluation time. Furthermore,
it required that the distance the train was to move during the first time
increment after the train was dispatched was 1/4 , 000, 000th of the location
of the train along the route. This problem could not occur on UNIVAC or
CDC computers unless this distance ratio was much smaller, perhaps 1/25, 000, 000th,
because of the greater precision at which they operate.
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X. Revision Mo. 10

August 12, 1977

SUBWAY ENVIRONMENT SIMULATION (SES) COMPUTER PROGRAM

REVISION NO. 10 TO VERSION 2

Problem

An incorrect upper limit was used for checking the Front of Train
Drag Coefficient on Input Form 9B.

Symptoms

The allowable range of the Front of Train Drag Coefficient on Input
Form 9B should be from 0.0 to 1.5. An upper limit of 1.0 was being incor-
rectly used. This
printed for values

caused an Error Type 115 message to be incorrectly
ranging from 1.0 to 1.5.

Correction

See the attached partial listing of subroutine GARAGE. The line to

be corrected is indicated by a "C."

Effect on Previous Results

None.
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XI. Revision No. 11

August 12, 1977

SUBWAY ENVIRONMENT SIMULATION (SES) COMPUTER PROGRAM

REVISION NO. 11 TO VERSION 2

Problem

Two problems existed in the routine which processes the Train Route
Description input data.

Symptoms

Input data processing was not being terminated immediately after
printing Error Type 65 (a fatal error) for the First Train Type on Input
Form 8A.

The offending section number was not being printed when Error Type
124, 153 or 180 was detected on Input Form 8F

.

Correction

See the attached partial listing of subroutine TRINS . The five lines
that are to be inserted are indicated by the letter "I." The six lines
that are to be changed are indicated by the letter "C."

Effect on Previous Results

None.
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XII. Revision No. 12

August 12, 1977

SUBWAY ENVIRONMENT SIMULATION (SES) COMPUTER PROGRAM

REVISION NO. 12 TO VERSION 2

Problem

Under certain circumstances the rear-of-train component of the aerodynamic
drag on a train was being computed incorrectly

.

Symptoms

The rear-of-train component of the train aerodynamic drag was being
computed incorrectly when a tunnel system was being simulated and the rear
of the train was outside the tunnel system. This component of the train
drag was computed correctly when the rear of the train was inside the
tunnel system or when a tunnel system was not being simulated.

Correction

See the attached partial listing of subroutine LOCATE. The one line
to be corrected is indicated by the letter "C."

Effect on Previous Results

This correction has no effect on the airflow or temperature results
for a tunnel system since the component of air drag is computed incorrectly only
when the rear of the train is located outside the tunnel system. The rear-of-
train component contributes only a small part of the total aerodynamic drag on
a train. This correction may have a small effect on the train speed and location
when a train is running outside the tunnel system; however, the effect of this
revision is insignificant.
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XIII. Revision No. 13

August 12, 1977

SUBWAY ENVIRONMENT SIMULATION (SES) COMPUTER PROGRAM

REVISION NO. 13 TO VERSION 2

Problem

Fans were not active during the first cycle of simulation (time - 0.0

seconds) when the Simulation Time After Which Fan Switches On on Input Form
5C is entered as 0.

Symptoms

When a system containing fans is initialized at the steady-state airflow
rates with fans operating from time zero and zero run-up time, the airflows
are observed to decay for the first aerodynamic cycle. The fans became
active during the second cycle, sometimes producing a large acceleration
in the airflows. As a result of these airflow perturbations, it was sometimes
necessary to use a smaller aerodynamic time increment for the entire simulation
than would otherwise be necessary.

Correction

See the attached partial listing of subroutine VSINS. The three
corected lines of code are indicated by the letter "C." The two lines of
code which were inserted are indicated by the letter "I."

Effect on Previous Results

This revision may produce slightly different airflow values during
the first few seconds of a simulation in which fans that become active at
time zero are used. The remainder of the simulation results are not affected.
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XIV. Revision No. 14
August 12, 1977

SUBWAY ENVIRONMENT SIMULATION (SES) COMPUTER PROGRAM

REVISION NO. 14 TO VERSION 2

Problem

The severity of the error types was revised.

Symptoms

The following error type was changed from a fatal error (which

terminates all processing) to a non-fatal error:

Error Type 159

The deep sink temperature
is less than 0 or greater
than 100 deg F

.

The following error type was changed from a non-fatal error to a

fatal error:

Error Type 124

This section has not
been defined.

The SES version numoer is revised to "Version 2.14."

Correction

See the attached partial listing of subroutine ERROR. The two lines
of code to be changed are indicated by the letter "C."

See the attached partial listing of subroutine INPUT. The one line
of code to be changed is indicated by the letter "C."

Effect on Previous Results

None.

0132
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APPENDIX D

REPORT OF NEW

TECHNOLOGY

After a diligent review of the work performed under this contract,

no new innovation, discovery, improvement or invention was made.

During the course of this contract, computer software and companion

user documentation were modified and revised to support recurring applications

of SES technology. Each application has served to enhance the range

of techniques, analyses, and methodologies available for subway environmental

design. By presenting a detailed, chronological account of all software

maintenance, this volume describes for the first time, and in one consolidated

volume, an advancing state-of-the-art which is essential to all users

of the SES Computer Program.
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